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TO 


JOHN  WILLIAM  DKAPER,  M.D.,  LL.D, 

professor   or   chemistry   and   physioloqy   in   i  hi 
unitersity    of   new   york. 

Dear  Sir: — 

It  seems 'peculiarly  appropriate  that  this  volume  should  be  dedicated  to 
you.  Knowing  the  eminent  esteem  in  which  you  are  held  in  the  circles  of 
European  science,  I  cannot  doubt  that  the  distinguished  authors  of  the  fol- 
lowing essays  would  cordially  approve  this  connection  of  your  name  with 
their  introduction  to  the  American  public. 

There  is,  besides,  a  further  reason  for  this  in  that  large  coincidence  of 
pjjrpose  which  is  manifest  in  their  labors  and  your  own.  For  while  the  per- 
vading design  of  the  present  collection  is  to  widen  the  range  of  thought  by 
unfolding  a  broader  philosophy  of  the  energies  of  nature,  your  own  compre- 
hensive course  of  research — beginning  with  an  extended  series  of  experi- 
mental investigations  in  chemical  physics  and  physiology,  and  rising  to  the 
consideration  of  that  splendid  problem,  the  bearing  of  sdence  upon  the  His- 
tory of  the  Intellectual  Development  of  Europe — ^has  powerfully  contributed 
to  the  same'noble  end ;  that  of  elevating  the  aim  and  enlarging  the  scope  of 
Bdentific  inquiry. 

I  gladly  avtdl  myself  of  this  occasion  to  say  how  greatly  I  am  indebted 
•to  your  writings,* in  which  accurate  and  profound  instruction  is  so  often  and 
happily  blended  with  the  charms  of  poetic  eloquence.  That  you  may  live 
»long  to  enjoy  your  well-won  lienors,  and  to  contribute  still  further  to  the 
triumphant  advance  of  scientific  truth,  is  the  heartfelt  wish  of 

^  Yours  truly, 

K  L.  Y. 


PEEFACE. 


In  Ma  address  before  the  Britisli  Association  for  the  Advance* 
ment  of  Science  last  year,  the  President  remarked  that  the  new 
views  of  the  Correlation  and  Conservation  of  Forces  constitute  the 
most  important  discovery  of  the  present  century.  The  remark  is 
probably  jnst,  prolific  as  has  been  this  period  in  grand  scientific  re- 
sults. No  one  can  glance  through  the  current  scientific  publica- 
tions without  perceiving  that  these  views  are  attracting  the  pro- 
found attention  of  the  most  thoughtful  minds.  The  lively  con- 
troversy that  has  been  carried  on  for  the  last  two  or  three  years 
respecting  the  share  that  different  men  of  different  countries  have 
had  in  their  establishment,  still  further  attests  the  estimate  placed 
upon  them  in  the  scientific  world. 

But  little,  however,  has  been  published  in  this  country  upon  the 
subject ;  no  complete  work,  I  believe,  except  the  admirable  volutne 
of  Profl  Tyndall  on  "Heat  as  a  Mode  of  Motion,"  in  which  the 
new  philosophy  is  adopted,  and  applied  to  the  explanation  of  ther- 
mal phenomena  in  a  very  clear  and  forcible  manner,  I  have,  there- 
fore, thought  it  would  be  a  useful  service  to  the  public  to  reissue 
some  of  the  ablest  presentations  of  these  views  which  have  ap- 
peared in  Europe,  in  a  compact  and  convenient  form.  The  selec- 
tion of  these  discussions  has  been  determined  by  a  desire  to  com- 
bine clearness  of  exposition  with  authority  of  statement.  In  the 
first  of  these  respects  the  essays  will  speak  for  themselves ;  in  re- 
gard to  the  last  I  may  remark  that  all  the  authors  quoted  stand 
high  as  founders  of  the  new  theory  of  forces.    Although  I  am  not 
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aware  that  Prof.  Liebig  has  made  any  claims  in  this  directiofe^jet 
it  can  scarcely  be  doubted  that  his  original  researches  in  Animal 
Chemistry  tended  strongly  toward  the  promotion  of  the  science  of 
vital  dynamics. 

The  work  of  Professor  Grove,  which  is  here  reprinted  in  fall, 
has  a  high  European  reputation,  having  passed  to  the  fourth  edi- 
tion in  England,  and  been  translated  into  several  continental  lan- 
guages. It  is  hardly  to  the  credit  of  science  in  our  country,  that 
this  is  the  first  American  edition.  The  eloquent  and  interesting 
paper  of  Hehnholtz,  though  delivered  as  a  popular  lecture,  was 
translated  for  the  Philosophical  Magazine,  and  has  been  very  highly 
appreciated  in  scientific  circles.  The  three  articles  of  Mayer, 
which  were  also  translated  for  the  Philosophical  Magazine,  will 
have  interest  not  only  because  of  the  great  ability  with  which  the 
subjects  are  treated,  but  as  emanating  from  a  man  who  stands  per- 
haps preeminent  among  the  explorers  in  this  new  tract  of  inquiry. 
The  researches  of  Faraday  in  this  field  have  been  conspicuous  and 
important,  and  his  argument  is  marked  by  the  depth  and  clearness 
which  characterize,  in  an  eminent  degree,  the  writings  of  this  ex- 
traordinary man.  The  essay  of  Liebig  forms  a  chapter  in  the  last 
edition  of  his. invaluable  'Familiar  Letters  on  Chemistry,'  which 
has  not  been  republished  here ;  and,  as  it  touches  the  relation  of  the 
subject  to  organic  processes,  it  forms  a  fit  introduction  to  the  final 
article  of  the  series  by  Dr.  Carpenter,  on  the  "  Correlation  of  the 
Physical  and  Vital  Forces."  The  eminent  English  physiologist  has 
worked  out  this  branch  of  the  subject  independently,  and  the  pa- 
per quoted  gives  evidence  of  being  prepared  with  his  usual  care 
and  ability,  A  certain  amount  of  repetition  is  of  course  unavoida- 
ble in  such  a  collection,  yet  the  reader  wUl  find  much  less  of  this 
than  he  might  be  inclined  to  look  for,  as  each  writer,  in  elaborating 
the  subject,  has  stamped  it  with  his  own  origiaality. 

In  the  introduction  I  have  attempted  to  bring  forward  certain 
facts  in  the  history  of  these  discoveries,  in  which  we  as  Ameri- 
cans have  a  special  interest,  and  also  to  indicate  several  applications 
of  the  new  principles  which  are  not  treated  in  the  volume.  -  It 
seemed  best  to  confine  the  general  discussion  to  those  aspects  of  the 
subject  upon  which  most  thought  had  been  expended,  and  which 
may  be  regarded  as  settled  among  advanced  scientific  men.  But 
there  are  other  applications  of  the  doctrine,  of  the  highest  interest, 
which  though  incomplete  are  yet  certain,  and  these  wiU  be  found  * 


"  Siiefly  nottceQ  In  the  iiitrodnctor j  obaervations — too  briefly,  I  few, 
to  be  aatisfiictory.  Those,  however^  who  deaira  to  pursue  still 
flirthcr  this  branch  of  tlie  Inqnirj- — the  eorrelalioo  of  the  vital, 
mental,  and  social  forces — ara  referred  to  the  last  edition  of  Car- 
penter's "  Principles  of  Hitman  Physiolfigy;  "  Mordl's  "Ontlines 
of  Mental  Philosophy ; "  Laycock'a  "  Oorrelations  of  Ooiiscioiisness 
and  OrgniiiKation ;  "  Sir  J.  K.  Shottle worth's  addi'ess  before  the 
Social  Science  Congress  of  1680,  on  the  "Oorrelntion  of  the  Moral 
and  Phyfiioal  Forces;"  Hinton's  "IJfe  in  Nature,"  ond  "First 
Principles"  of  Herbert  Spencer's  new  system  of  Philosophy.  The 
first  and  lost  of  these  works  are  the  only  ones,  it  is  believed,  that 
have  appeared  in  an  American  form,  and  tbe  last  is  ranch  the 
ablest  of  all ;  I  was  chiefly  indebted  to  it  in  preparing  the  latter 
part  of  the  introduction.  The  biographical  notJcea,  brief  and  im- 
perfect as  they  are,  it -is  hoped  may  enhance  the  reader's  interest 
in  the  volnrae. 

I  have  been  speoialiy  incited  to  procnre  the  publication  of  a 
work  of  this  kind,  by  the  same  motive  that  has  impelled  me  to 
write  npon  the  snbiect  elsewhere;  a  conviction  of  onr  ednoational 
needs  in  this  direction.  The  treatment  of  a  vast  subject  like  tbia 
in  ordinary  school  text-books,  is  at  best  qnite  too  limited  for  the 
requirements  of  the  active-minded  teacher;  to  such,  a  voiunje  like 
the  present  may  prove  invaluable. 

But  a  more  seriona  difficulty  is  that,  until  compelled  by  the  de- 
mands of  intelligent  teachers,  tiio  compilers  of  sehool-booka  will 
pass  new  views  entirely  by,  or  give  them  a  mere  hasty  and  careless 
notice,  while  condnuing  to  inculcate  the  old  erroneous  doctrines. 
And  thus  it  is  that  from  inveterate  habit,  or  intellectual  sliiggish- 
nesa,  or  a  shrewd  calculation  of  the  indifference  of  teachers,  out- 
vora  and  effete  ideas  continue  to  drag  through  school-books  for 
half  a  centorj  after  they  have  been  eiploded  in  the  world  of  liv- 
ing science.  He  who  continues  to  teach  the  hypothesis  of  enlorif, 
falsifies  the  present  truth  of  science  as  absolutely  as  be  would  do 
in  teaching  the  hypothesis  of  pHoffiaton;  in  fact,  the  reasons  of- 
fered for  perdsting  in  the  erroneons  notions  of  the  materiality  of 
hoat — convenience  of  teaching,  unsettledness  of  the  new  vocabu- 
lary, &C.,  are  preoiscly  tbose  that  were  offered  for  clinpng  to  phlo- 
giston, and  rejecting  the  Lavoiseriwi  chemistry  of  comlmstion. 
Both  conceptions  have  no  donbt  been  of  service,  but  both  wi'ro 
trauxitional,  and  having  done  their  work  they  become  hindraucet 
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instead  of  helps.  We  can  now  see  that  when  tha  true  chemistry 
of  combnstion  was  once  reached,  the  notion  of  phlogiston  was  of 
no  further  use,  and  if  retained  could  only  produce  confusion  and 
prevent  the  reception  of  correct  ideas.  So  with  caloric,  and  those 
false  conceptions  of  the  materiality  of  forces,  which  it  implies :  not 
only  are  they  errors,  but  the  ideas  they  involve  are  radically  in- 
compatible with  the  higher  truths  to  which  science  has  advanced 
80  that  while  the  errors  are  retained  the  truths  cannot  be  received. 

Nor  will  it  answer  merely  to  mention  the  new  views  while 
adopting  the  old,  on  the  plea  that  the  facts  are  the  same  in  both 
cases.  The  facts  are  very  far  from  being  the  same  in  both  cases.  It 
is  precisely  because  the  old  ideas  are  out  of  harmony  with  the  facts, 
and  can  no  longer  correctly  explain  and  express  them,  that  new  ideas 
are  sought.  Was  not  phlogiston  abandoned  because  it  no  longer 
agreed  with  the  facts?  So  with  the  conception  of  the  materiality 
of  the  forces ;  it  contradicts  the  facts,  and  therefore,  for  scientific 
purposes,  can  no  longer  represent  them.  In  the  workshop  it  may 
perhaps  be  very  well  to  magnify  facts,  and  depreciate  their  theoreti- 
cal explanations,  but  not  in  the  school-room ;  the  business  is  here  not 
working,  but  thinking.  It  is  the  aim  of  art  to  tise  facts,  but  of  sci- 
ence to  understand  them.  And  it  is  simply  because  science  goes 
beyond  the  fact  to  its  explanation,  and  is  ever  striving  after  the 
highest  truth,  that  it  is  fitted  to  discipline  the  thinking  and  reason- 
ing faculties,  and  therefore  has  imperative  educational  claims. 

In  therefore  bringing  forward  these  able  and  authoritative  ex- 
positions in  a  form  readily  accessible  to  teachers,  I  trust  I  am  not 
only  doing  them  a  helpful  service,  but  that  they  will  be  led  to  re- 
quire of  the  preparers  of  school-books  a  more  conscientious  per- 
formance of  their  tasks,  and  that  the  interests  of  sound  education 
will  be  thereby  promoted. 

Nxw  YoBX,  Oct.  1, 1861 


CONTENTS. 


Pbivace,  •  •  •  •  . 

Introduction,       •••••• 

THE  CORRELATION  OF  PHYSICAL  FORCES,  By  W.  R   Grove. 


rial 

V' 
Zl 


Preface,    . 

L — ^Introductory  Remarks, 
n. — ^Motion, 
in. — ^Heat, 
IV. — ^Electricity, 
v.— Light, 
VI. — ^Magnetism,     . 
Vn.— Chemical  Affimty, 
VUL—Other  Modes  of  Force, 
IX. — Concluding  Remarks, 
Notes  and  References, 


a 

26 
89 

8a 

116 
142 
162 
169 
178 
200 


ON    THE    INTERACTION   OF   NATURAL    FORCES,    By    Prop. 

Helmholtz,  ,  .  .  .  .211 


REMARKS  ON  THE  FORCES  OF  INORGANIC  NATURE,  By  Dr. 

J  K  Mayer,    .  .  .  .  .  .261 


pAoa 

• 

259 

• 

.  269 

• 

261 

• 

.  264 

• 

2Y6 

• 

.  282 

• 

286 

• 

.  291 

• 

800 

HKAT, 

By 

X  CONTENTS. 

ON  CELESTIAL  DYNAMICS,  By  Dr.  J.  B.  Mayer, 
I. — ^Introduction,  •  .  • 

n. — Sources  of  Heat,    • 
in. — ^Measure  of  the  Sun's  Heat,     • 
rV. — Origin  of  the  Sun's  Heat, 
y. — Constancy  of  the  Sun's  Mass,  • 

VI. — ^The  Spots  on  the  Sun's  Disc, 
Vn.— The  Tidal  Wave,        .  .  . 

Vm.— The  Earth's  Interior  Heat, 

KEMARKS  ON  THE  MECHANICAL  EQUIVALENT  OP  HEAT,  By 

Db.  J.  R.  Mayer,         .  .  .  .  .    316 

SOME  THOUGHTS  ON  THE  CONSERVATION  OF  FORCE,  By  Dr. 

Faraday,    ......  369 

THE  CONNECTION  AND  EQUIVALENCE  OF  FORCES,  By  Prof. 

LiEBia,  ......    887 

ON   THE    CORRELATION   OF   THE   PHYSICAL   AND   VITAL 

FORCES,  By  Dr.  Carpenter,  .  .  .401 

I.— Relation  of  Light  and  Heat  to  the  Vital  Forces  of  Plants,  401 
n. — ^Relation  of  Light  and  Heat  to  the  Vital  Forces  of  Ani- 

xnalfi,         •  •  •  •  •  •    420 


INTRODUCTION, 


Tedzbe  are  many  who  deplore  what  they  regard  as  the  material* 
izing  tendencies  of  modem  science.  They  maintain  that  this  pro- 
found and  increasing  engrossment  of  the  mind  with  material  ob- 
jects is  fatal  to  all  refining  and  spiritualizing  influence.  The  cor- 
rectness of  this  conclusion  is  open  to  serious  question :  indeed,  the 
hi^ory  of  scientific  thought  not  only  fails  to  justify  it,  but  proves 
the  reverse  to  be  true.  It  shows  that  the  tendency  of  this  kind  of 
inquiry  is  ever  from  the  material,  toward  the  abstract,  the  ideal,  the 
spiritual. 

We  may  appeal  to  the  oldest  and  most  developed  of  the  sciences 
for  confirmation  of  this*  statement.  The  earliest  explanations  of 
the  celestial  movements  were  thoroughly  and  grossly  material,  and 
aU  aatroni>mic  progress  has  been  toward  more  refined  and  ideal 
views.  The  heavenly  bodies  were  at  first  thought  to  be  supported , 
and  carried  round  in  their  qourses  by  solid  revolving  crystalline 
spheres  to  which  they  were  attached.  This  notion  was  afterward 
replaced  by  the  more  complex  and  mobile  mechanism  of  epicy- 
cles. To  this  succeeded  the  hypothesis  of  Des  Cartes',  who  rejected 
the  clumsy  mechanical  explanation  of  revolving  wheelwork,  and 
proposed  the  more  subtile  conception  of  ethereal  currents,  which 
constantly  whirled  around  in  vortices,  and  bore  along  the  heavenly 
bodies.    At  length  the  labors  of  astronomers,  terminating  with 
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Newton,  struck  away  these  crude  devices,  and  substittted  the  action 
of  a  universal  immaterial  force.  The  course  of  astronomic  science 
has  thus  been  on  a  vast  scale  to  withdraw  attention  from  the  mate- 
rial and  sensible,  and  to  fix  it  upon  the  invisible  and  supersensuous. 
It  has  shown  that  a  pure  principle  foims  the  immaterial  foundation 
of  the  universe.  Frojn  the  baldest  materiality  we  rise  at  last  to  a 
truth  of  the  spiritual  world,  of  so  exalted  an  order  that  it  has  been 

• 

said  '  to  connect  the  mind  of  man  with  the  Spirit  of  God.' 

The  tendency  thus  illustrated  by  astronomy  is  characteristic  in. 
a  marked  degree  of  all  modem  science.  Scientific  inquiries  are 
becoming  less  and  less  questions  of  matter,  and  more  and  more 
questions  of  force;  material  ideas  are  giving  place  to  dynatnical 
ideas.  While  the  great  agencies  of  change  with  which  it  is  the 
business  of  science  to  deal — ^heat,  light,  electricity,  magnetism,  and 
affinity,  have  been  formerly  regarded  as  kinds  of  matter  'impon- 
derable elements,'  in  distinction  from  other  material  elements, 
these  notions  must  now  be  regarded  as  outgrown  and  abandoned, 
and  in  their  place  we  have  an  order  of  purely  immaterial  forces. 

Toward  the  close  of  the  last  century  the  human  mind  reached 
the  great  principle  of  the  indestructiblity  of  matter.-  What  the 
intellectual  activity  of  ages  had  failed  to  establish  by  all  the  re- 
sources of  reasoning  and  philosophy,  was  accomplished  by  the  in- 
vention of  a  mechanical  implement,  the  balance  of  Lavoisier. 
When  nature  was  tested  in  the  chemist's  scale-pan,  it  was  first 
found  that  never  an  atom  is  created  or  destroyed ;  that  though 
•  matter  changes  form  with  protean  facility,  traversing  a  thousand 
cycles  of  change,  vanishing  and  reappearing  inoessantiy,  yet  it 
never  wears  out  or  lapses  into  nothing.  ^ 

The  present  age  wiQ  be  memorable  in  the  history  of  science  for 
having  demonstrated  that  the  same  great  principle  applies  also  to 
forces,  and  for  the  establishment  of  a  new  philosophy  concerning 
their  nature  and  relations.  Heat,  light,  electricity," and  ifiagnetism 
are  now  no  longer  regarded  as  substantive  and  independent  exist* 
ences — subtile  fluids  with  peculiar  properties,  but  simply  as  mode9 
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f  motion  in  ordLoary  matter;  forms  of  energy  ivhicli  are  capable 
of  mntaal  conversion.  Heat  is  a  mode  of  energy  manifested  by 
eurtoin  effects.  It  may  be  transfbrmed  into  electricity,  irUcti  ii 
another  form  of  force  prodncing  different  effects.  Or  the  prooesa 
may  be  reversed :  the  electricity  disappearing  and  the  heat  reap- 
peaiing.  Agiun,  mechanical  motion,  which  is  a  motion  of  majieea, 
may  be  transformed  into  heat  or  electricity,  which  is  bcld  to  be  a 
motion  of  the  atoms  of  matter,  while,  by  a  reverse  process,  tto  mo- 
tion of  atoms,  that  is,  heat  or  electricity,  may  bo  tamed  back  again 
into  mechanical  motion.  Thus  a  portion  of  the  heat  generated  in 
B  iooomotive  is  converted  into  the  motion  of  the  train,  while  by 
the  application  of  the  brakes  the  motion  of  the  train  is  changed 
back  again  into  the  heat  of  friction. 

These  mutations  are  rigidly  enhject  to  the  laws  of  qnaotity.  A 
given  araonnt  of  one  force  prodncea  a  definite  qnantlty  of  another . 
so  that  power  or  energy,  like  matter,  c-an  neither  be  created  nor 
destroyed  r  though  ever  changing  form,  its  total  quantity  In  the  uni- 
verse remains  constant  and  nnalterable.  Every  manifestation  of 
force  must  have  come  from  a  preeadsting  univalent  force,  and  must 
give  rise  to  a  subsequent  and  eqnnl  amount  of  some  otiier  force. 
When,  therefore,  a  force  or  effect  appears,  we  are  not  at  liberty  to 
Msnme  that  it  was  self-originated,  or  came  from  nothing;  when  it 
disappeora  we  ore  forbidden  to  conclude  that  it  is  annihilated :  we 
must  Beorch  and  find  whence  it  came  and  wliither  it  has  gone;  that 
is,  what  produced  it  and  what  effect  it  has  itself  produced.  These 
relations  among  the  modes  of  energy  are  enrrentiy  known  by  the 
phrases  Oorrelation  and  Conterratiim  of  Force, 

The  present  condition  of  the  philosophy  of  forces  is  perfectly 
paralleled  by  that  of  the  philosophy  of  matter  toward  the  close  of 
tlie  last  centnry.  So  long  aa  it  was  admitted  that  matter  in  its 
various  changes  may  be  created  or  destroyed,  chemical  progress 
was  impossible.  If,  in  his  processes,  a  portion  of  tlie  material  dis- 
appeared, the  chemist  b^d  a  ready  explanation— the  mntter  wna 
it*lToyed;  his  analysis  was  tburcfi>re  worthlcNi,    Bot  when  he 


Xiv  INTEODUOnON. 

started  with  the  axiom  that  matter  is  indestructible,  all  disappear 
ance  of  material  during  his  operations  was  chargeable  to  their  im- 
perfection. He  was  therefore  compelled  to  improve  them — to  ac- 
count in  his  result  for  every  thousandth  of  a  grain  with  which  he 
commenced;  and  as  a  consequence  of  this  inexorable  condition, 
analytical  chemistry  advanced  to  a  high  perfection,  and  its  conse- 
quences to  the  world  are  incalculable.  Precisely  so  with  the  anal- 
ysis o(  forces.  So  long  as  they  are  considered  capable  of  being 
created  and  destroyed,  the  quest  for  them  will  be  careless  and  the 
results  valueless.  But  the  moment  they  are  determined  to  be  in- 
destructible, the  investigator  becomes  bound  to  account  for  them ; 
all  problems  of  power  are  at  once  affected,  and  the  science  of  dy- 
namics  enters  upon  a  new  era. 

The  views  here  briefly  stated  will  be  found  fully  and  variously 
elucidated  in  the  essays  of  the  present  volume;  in  these  introduo- 
tory  remarks  I  propose  to  offer  some  observations  on  their  history 
and  the  extended  scope  of  their  application. 

I  have  spoken  of  the  principles  of  Correlation  and  Conservation 
of  Forces  as  established ;  it  may  be  well  to  state  the  sense  in  which 
.  this  is  to  be  taken.  They  hasve  been  accepted  by  the  leading  scien- 
tific minds  of  all  nations  with  remarkable  unanimity ;  their  discus- 
sion forms  a  leading  element  in  scientific  literature,  while  they  oc- 
cupy the  thoughts  and  guide  the  investigations  of  the  most'  philo- 
sophical inquirers.  But  while  science  holds  securely  her  new  pos- 
session as  a  fundamental  principle,  its  various  phases  are  by  no 
means  completely  worked  out.  l^ot  only  has  there  been  too  little 
time  for  this,  even  if  the  views  were  far  less  important,  but  the 
questions  started  lie  at  the  foundation  of  all  branches  of  science, 
and  can  only  be  fully  elucidated  as  these  advance  in  their  develop- 
ment. The  new  doctrine  of  forces  is  now  in  much  the  same  con- 
dition as  was  the  new  astronomy  of  Copernicus.  It  is  not  with- 
out its  diflSculties,  which  time  alone  must  be  trusted  to  remove ; 
out  it  simplifies  so  many  problems,  clears  up  so  many  obscurities. 
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opens  so  extended  a  range  of  new  inyestigationSj-and  contrasts  so 
strongly  with  the  complexities  and  incongruities  of  the  older  doc 
trines,  as  to  leave  little  liherty  of  choice  hetween  the  opposing  theo- 
ries. Not  only  does  the  reception  of  these  views  mark  a  signal  epoch  in 
the  progress  of  science,  hut  j&om  their  comprehensive  hearings  and 
the  luminous  glimpses  which  they  open  into  the  most  elevated  re- 
gions of  speculative  inquiry,  they  have  a  profound  interest  for 
many  thinkers  who  give  little  attention  to.  the  specialties  of  exact 
science. 

In  the  history  of  human  affairs  there  is  a  growing  conception 
of  the  action  of  general  causes  in  the  production  of  events,  and  a 
corresponding  conviction  that  the  part  played  hy  individuals  has 
heen  much  exaggerated,  and  is  far  less  controlling  and  permanent 
than  has  heen  hitherto  supposed.  So  also  in  the  history  of  science 
it  is  now  acknowledged  that  the  progress  of  discovery  is  much 
more  independent  of  the  lahors  of  particular  persons  than  has  heen 
formerly  admitted.  Great  discoveries  helong  not  so  much  to  indi- 
viduals  as  to  humanity ;  they  are  less  inspirations  of  genius  than 
hirths  of  eras.  As  there  has  heen  a  definite  intellectual  progress, 
thought  has  necessarily  heen  limited  to  the  suhjects  successively 
reached.  Many  minds  have  heen  thus  occupied  at  the  same  time 
with  similar  ideas,  and  hence  the  simultaneous  discoveries  of  inde- 
pendent inquirers,  of  which  the  history  of  science  is  so  fiill.  Thus 
at  the  close  of  the  sixteenth  century,  philosophers  had  entered 
upon  the  investigation  of  the  laws  of  motion,  and  accordingly  we 
find  Galileo,  Benediti,  and  Piccolomini  proving  independently  that 
all  hodies  fall  to  the  earth  with  equal  velocity,  whatever  their  size 
or  weight.  A  century  after,  when  science  had  advanced  to  the 
systematic  application  of  the  higher  mathematics  to  general  phys- 
ics, l^ewton  and  Leibnitz  discovered  independently  the  differential 
calculus.  A  hundred  years  later  questions  of  molecular  physics 
and  chemistry  were  reached,  and  oxygen  was  discovered  simulta- 
neously hy  Priestley  and  Scheele,  and  the  composition  of  water  by 
Cavendish  and  ^Vatt.    These  discoveries  were  made  because  the 
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periods  were  ripe  for  theig,  and  we  cannot  doubt  that  if  those  who 
made  them  had  never  lived,  the  labors  of  others  would  have  speed 
ily  attained  the  same  results.  The  discoverer  is,  therefore,  in  a 
great  degree,  but  the  mouthpiece  cf  his  time.  Some  discern  clearly 
what  is  dimly  shadowed  forth  to  many;  some  work  out  the  resultg 
more  completely  than  others,  and  some  seize  the  coming  thought 
so  long  before  it  is  developed  in  the  general  consciousness,  that 
their  announcements  are  unappreciated  and  unheeded.  This  view 
by  no  means  robs  the  discoverer  of  his  honors,  but  it  enables  us  ta 
pl^ce  upon  them  a  juster  estimate,  and  to  pass  a  more  enlightened 
judgment  upon  the  rival  claims  which  are  constantly  arising  in  the 
history  of  science. 

Probably  the  most  important  event  in  the  general  progress  of 
science  was  the  transition  from  the  speculative  to  the  experimental 
period.  The  ancients  were  prevented  from  creating  science  by  a 
false  intellectual  procedure.  They  believed  they  could  solve  all  the 
problems  of  the  universe  by  thought  alone.  The  modems  have 
found  that  for  this  purpose  meditation  is  futile  unless  accompanied 
by  observation  and  experiment.  Modem  science,  therefore,  took  its 
rise  in  a  change  of  method,  and  the  adoption  of  the  principle  that 
the  discovery  of  physical  truth  consists  not  in  its  mere  logical  but 
in  its  experimental  establishment.  It  is  now  an  axiom  that  not  he 
who  guesseSj  though  he  guess  aright,  is  to  be  adjudged  the  true  dis- 
coverer, but  he  who  demonstrates  the  new  truth,  and  thus  compels 
its  acceptance  into  the  body  of  valid  knowledge. 

l^ow  the  later  doctrines  of  the  constancy  and  relations  of  forces, 
and  that  heat  is  a  kind  of  motion  among  the  minuter  parts  of  mat- 
ter, have  had  their  twofold  phases  of  history,  corresponding  to  the 
two  methods  of  inquiry.  They  had  an  early  and  vague  recognition 
among  many  philosophers,  and  may  be  traced  in  the  writings  of 
Galileo,  Bacon,  N"ewton,  Locke,  Leibnitz,  Des  Cartes,  Bernoulli, 
Laplace,  and  others ;  but  they  were  held  by  these  thinkers  as  un- 
verified and  fruitless  speculations,  and  the  subject  awaited  the  gen- 
ius that  could  deal  with  it  according  to  the  more  effective  methods 
of  modern  science. 
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It  was  this  oGimtrj,  widelj  reproached  for  being  over-practica], 
which  produced  just  that  kind  of  working  ability  that  was  suited 
to  translate  fids  profound  qnestion  from  the  barren  to  the  fruitful 
fidd  of  inquiry.  It  is  a  matter  of  jnst  national  pride  that  the  two 
men  who  first  demonstrated  the  capital  propoations  of  pnre  sci 
enoe,  that  lightning  is  bnt  a  case  of  common  electridty,  and  that 
heat  is  bnt  a  mode  of  motion — who  first  eonrerted  these  propon- 
tions  from  conjectores  of  fancy  to  facts  of  sd^ice,  were  not  only 
Americans  by  birth  and  education,  bnt  men  eminently  representa- 
tive of  the  pecnliarities  of  American  character — Benjamin  Frank- 
lin and  B^ijamin  Thompscm,  aft^wards  known  as  Count  Enmford. 
The  latter  philosopher  is  leas  known  than  the  former,  thou^  his 
services  to  science  and  society  were  probably  qoite  as  great  The 
prcHninenoe  which  his  name  now  occupies  in  connection  with  the 
new  views  of  heat,  and  the  rdatk>ns  of  forces,  make  it  desirable  to 
^anoe  briefly  at  his  career. 

Bksjamjs  Thompson  was  bom  at  Wobum,  Mass.,  Id  1753.  He 
recQved  the  rodiments  of  a  common  school  education;  became  a 
merchant's  apprentice  at  tw^ve,  and  subsequently  taught  schooL 
Having  a  strong  taste  for  mechanical  and  chemical  studies,  he  cul- 
tivated them  asfiiduonsly  during  his  kisnre  time.  At  seventeen  he 
took  charge  of  an  academy  in  the  village  of  Eumford  (now  Con- 
coidX  ^«  ^n  ^^  ^  ^^^  married  a  wealthy  widow,  by  whom  he 
had  one  daughter.  At  the  outbreak  of  revolutionary  hostalities  he 
Implied  £m*  a  ccnnmiasi<Mi  in  the  American  servioe:,  was  charged 
with  toryism,  1^  Hke  ooontry  in  disgust,  and  went  to  En^andL 
His  talents  were  there  appreciated,  and  he  took  a  responable  posi- 
tioiL  mider  ihe  government,  which  he  held  for  some  years. 

After  receiving  tlie  honor  of  kni^thood  he  left  England  and 
entered  ihe  serrioe  of  the  elector  of  Bavaria.  He  settled  in  Ku- 
■ieh  in  1784^  and  was  appcnnted  aide-de-camp  and  chamberlain  to 
tibe  Prineeu  The  labors  which  he  now  undertook  were  of  the  most 
atenave  and  laborioos  diaracter,  and  conld  never  have  been  ac- 
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oomplisbed  but  for  tlie  rigorous  habits  of  order  which  he  carried 
into  all  his  pursuits.  He  reorganized  the  entire  military  establish- 
ment of  Bavaria,  introduced  not  only  a  simpler  code  of  tactics,  and 
a  new  system  of  order,  discipline,  and  economy  among  the  troops 
and  industrial  schools  for  the  soldiers'  children,  but  greatly  im- 
proved the  construction  and  modes  of  manufacture  of  arms  and 
ordnance.  He  suppressed  the  system  of  beggary  which  had  grown 
into  a  recognized  profession  in  Bavaria,  and  become  an  enormous 
public  evil — one  of  the  most  remarkable  social  reforms  on  record. 
He  also  devoted  himself  to  various  ameliorations,  such  as  improv- 
ing  the  construction  and  arrangement  of  the  dwellings  of  the  work- 
ing classes,  providing  for  them  a  better  education,  organizing  houses 
of  industry,  introducing  superior  breeds  of  horses  and  cattle,  and 
promoting  landscape-gardening,  which  he  did^by  converting  an  old 
abandoned  hunting-ground  near  Munich  into  a  park,  where,  after 
his  departure,  the  inhabitants  erected  a  monument  to  his  honor. 
For  these  services  Sir  Benjamin  Thompson  received  many  distinc- 
tions, and  among  others  was  made  Count  of  the  holy  Roman  Empire. 
On  receiving  this  dignity  he  chose  a  title  in  remembrance  of  the 
country  of  his  nativity,  and  was  thenceforth  known  as  Count  of 
Rumford. 

His  health  failing  from  excessive  labor  and  what  he  considered 
the  unfavorable  climate,  he  came  back  to  England  in  1798,  and  had 
serious  thoughts  of  returning  to  the  United  States.  Having  re- 
*  ceived  from  the  American  government  the  compliment  of  a  formal 
invitation  to  revisit  his  native  land,  he  wrote  to  an  old  friend  re- 
questing him  to  look  out  for  a  "little  quiet  retreat"  for  himself 
and  daughter  in  the  vicinity  of  Boston.  This  intention,  however, 
failed,  as  he  shortly  after  became  involved  in  the  enterprise  of 
founding  the  Royal  Institution  of  England. 

There  was  in  Rumford's  character  a  happy  combinaticfn  of  phi- 
lanthropic impulses,  executive  power  in  carrying  out  great  projects, 
and  versatility  of  talent  in  physical  research.  His  scientific  inves- 
tigations were  largely  guided  and  determined  by  his  philanthropic 
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plans  and  pnblic  duties.  His  interest  in  the  more  needy  classes  led 
him  to  the  assiduous  study  of  the  physical  wants  of  mankind,  and 
the  best  methods  of  relieving  them ;  the  laws  and  domestic  man- 
agement of  heat  accordingly  engaged  a  large  share  of  his  attention. 
He  detennined  the  amount  of  heat  arising  from  the  combustion  of 
different  kinds  of  friel,  by  means  of  a  calorimeter  of  his  own  in- 
▼ention.  He  reconstructed  the  fireplace,  and  so  improved  the 
methods  of  heating  apartments  and  cooking  food  as  to  produce  a 
saving  in  the  precious .  element,  varying  from  one-half  to  seven- 
eighths  of  the  fuel  previously  consumed.  He  improved  the  con- 
struction of  stoves,  cooking  ranges,  coal  grates,  and  chinmeys; 
showed  that  the  non-oonduoting  power  of  cloth  is  due  to  the  air 
enclosed  among  its  fibres,  and  first  pointed  out  that  mode  of  action 
of  heat  called  con/oection;  indeed  he  w^  the  first  clearly  to  dis- 
criminate between  the  three  modes  of  propagation  of  heat — ^radia- 
tion,  conduction,  and  convection.*  He  determined  the  almost  per- 
fect non-conducting  properties  of  liquids,  investigated  the  produc- 
tion of  light,  and  invented  a  mode  of  measuring  it.  He  was  the 
first  to  apply  steam  generally  to  the  warming  of  fluids  and  the 
culinary  art ;  he  experimented  upon  the  use  of  gunpowder,  the 
strength  of  materials,  ^and  the  maximum  density  of  water,  and 
made  many  valuable  and  original  observations  upon  an  extensive 
range  of  subjects. 

Prof.  James  D.  Forbes,  in  his  able  Dissertation  on  the  recent 
Progress  of  the  Mathematical  and  Physical  Sciences,  in  the  last 
edition  of  the  Encyclopedia  Britannica,  gives  a  fiill  account  of  Rum- 
ford^s  contributions  to  science,  and  remarks : 

"  All  Rumford's  experiments  were  made  with  admirable  precis- 
ion, and  recorded  with  elaborate  fidelity,  and  in  the  plainest  lan- 
guage.   Every  thing  with  him  was  reduced  to  weight  and  meaa- 
*  nre,  and  no  pains  were  spared  to  attain  the  best  results. 

"  Rumford's  name  will  be  ever  connected  with  the  progress  of 
science  in  England  by  twp  circumstances :  first,  by  the  foundation 
of  a  perpetual  medal  and  prize  in  the  gift  of  the  council  of  tlie 
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Royal  Society  of  London,  for  the  reward  of  discoveries  connected 
with  heat  and  light;  and  secondly,  by  the  establishment  in  1800  of 
the  Royal  Institution  in  Lcmdon,  destined,  primarily,  for  the  pro- 
motion of  ori^nal  discovery,  and,  secondarily,  for  the  diffusion  of  a 
taste  for  science  among  the  educated  classes.  The  plan  was  con- 
ceived with  .the  sagacity  which  characterized  Rumford,  and  its  suo« 
cess  has  been  greater  than  could  have  been  anticipated.  Davy  was 
there  brought  into  notice  by  Rumford  himself,  and  furnished  with 
the  means  of  prosecuting  his  admirable  experiments.  He  and  Mr. 
Faraday  have  given  to  that  institution  its  just  celebrity  with  little 
intermission  for  half  a  century." 

Leaving  England,  Rumford  took  up  his  residence  in  France,  and 
the  estimation  in  which  he  was  held  may  be  judged  of  by  the  fact 
that  he  was  elected  one  of  the  eight  foreign  associates  of  the  Acad* 
emy  of  Sciences. 

Count  Rumford  bequeathed  to  Harvard  University  the  funds 
for  endowing  its  professorship  of  the  Application  of  Science  to  the 
Art  of  Living,  and  instituted  a  prize  to  be  awarded  by  the  Ameri- 
can Academy  of  Sciences,  for  the  most  important  discoveries  and 
improvements  relating  to  heat  and  light.  In  1804  he  married  the 
widow  of  the  celebrated  chemist  Lavoisie?:,  and  with  her  retired 
to  the  viUa  of  AuteuH,  the  residence  of  her  former  husband,  where 
he  died  in  1814. 

Having  thus  glanced  briefly  at  his  career,  I  now  pass  to  the  dis- 
covery upon  which  Count  Rumford's  fame  in  the  future  will  chiefly 
rest.  It  is  described  in  a  paper  published  in  the  transactions  of  the 
Royal  Society  for  1798. 

He  was  led  to  it  while  superintending  the  operations  of  the 
Munich  arsenal,  by  observing  the  large  amount  of  heat  generated 
in  boring  brass  cannon.  Reflecting  upon  this,  he  proposed  to  him- 
self the  following  q-.iestions:  "Whence  comes  the  heat  produced 
m  the  mechanical  operations  above  mentioned  ? "  "  Is  it  furnished 
by  the  metalL'c  c^nps  which  are  separated  from  the  metal? " 
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The  common  hypothesis  affirmed  that  the  heat  produced  had 
been  latent  in  the  metal,  and  had  been  forced  out  by  condensation 
of  the  chips.  But  if  this  were  the  case  the  capacity  for  heat  of  the 
parts  of  metal  so  reduced  to  chips  ought  not  only  to  be  changed, 
but  the  change  undergone  by  them  should  be  sufficiently  great  to 
account  for  all  the  heat  produced.  With  a  fine  saw  Eumford  then 
cut  away  slices  of  the  unheated  metal,  and  found  that  they  had  ex* 
actly  the  same  capa^cityfor  Tuat  as  the  metallic  chips,  No  change 
in  this  respect  had  occurred,  and  it  was  thus  conclusively  proved 
that  the  heat  generated  could  not  have  been  held  latent  in  the 
chips.  Having  settled  this  preliminary  point,  Eumford  proceeds  to 
his  principal  experiments. 

With  the  intuition  of  the  true  investigator,  he  remarks  that 
"  very  interesting  philosophical  experiments  may  often  be  made, 
almost  without  trouble  or  expense,  by  means  of  machinery  con- 
trived for  mere  mechanical  purposes  of  the  arts  and  manufactures." 
Accordingly,  he  mounted  a  metallic  cylinder  weighing  113.13 
pounds  avoirdupois,  in  a  horizontal  position.  At  one  end  there  was 
a  cavity  three  and  a  half  inches  in  diameter,  and  into  this  was  in- 
troduced a  borer,  a  flat  piece  of  hardened  steel,  four  inches  long, 
0.63  inches  thick,  and  nearly  as  wide  as  the  cavity,  the  area  of  con- 
tact of  the  borer  with  the  cylinder  being  two  and  a  half  inches. 
To  measure  the  heat  develoi)ed,  a  small  round  hole  was  bored  in 
the  cylinder  near  the  bottom  of  the  cavity,  for  the  insertion  of  a 
email  mercurial  thermometer.  The  borer  was  pressed-  against  the 
base  of  the  cavity  with  a  force  of  10,000  pounds,  and  the  cylinder 
made  to  revolve  by  horse-power  at  the  rate  of  tlirty-two  times  per 
minute.  At  the  be^nning  of  the  experiment  tne  temperature  of 
the  air  in  the  shade  and  also  in  the  cylinder  was  60°F.  at  the  end 
of  thirty  minutes,  an^  after  the  cylinder  had  made  960  revolutions 
the  temperature  was  found  to  be  130°F. 

Having  taken  away  the  borer,  he  found  that  839  grains  of  me- 
tallic dust  had  been  cut  away.  ^^  Is  it  possible,"  he  exdaims,  ^'  that 
the  very  considerable  quantity  of  heat  produced  in  this  experiment 


XXU  INTEODUOnON. 

—a  quantity  wMcli  actually  raised  the  temperature  of  upward  uf 
113  pounds  of  gun  metal  at  least  70°,  could  have  been  furnished  by 
BO  inconsiderable  a  quantity  of  metallic  dust,  and  this  merely  in 
Consequence  of  a  change  in  the  capacity  for  heat? " 

To  measure  more  precisely  the  heat  produced,  he  next  sur- 
rounded his  cylinder  by  an  oblong  wooden  box  in  such  a  manner 
that  it  could  turn  water-tight  in  the  centre  of  the  box,  while  the 
borer  was  pressed  against  the  bottom.  The  box  was  filled  with 
water  until  the  entire  cylinder  was  covered,  and  the  apparatus  was 
set  in  action.  The  temperature  of  the  water  on  commencing  was 
60°.  He  remarks,  "  The  result  of  this  beautiful  experiment  was 
very  striking,  and  the  pleasure  it  afforded  amply  repaid  me  for  all 
the  trouble  I  had  taken  in  contriving  and  arranging  the  complicated 
machinery  used  in  making  it.  The  cylinder  had  been  in  motion 
but  a  short  time  when  I  perceived,  by  putting  my  hand  into  the 
water  and  touching  the  outside  of  the  cylinder,  that  heat  was  gen- 
erated." 

As  the  work  continued  the  temperature  gradually  rose ;  at  two 
hours  and  twenty  minutes  from  the  beginning  of  the  operation,  the 
water  was  at  200°,  and  in  ten  minutes  more  it  actually  boiled  I 
Upon  this  result  Rumford  observes,  "  It  would  be  difficult  to  de- 
scribe the  surprise  and  astonishment  expressed  in  the  countenances 
of  the  bystanders,  on  seeing  so  large  a  quantity  of  water  heated 
and  actually  made  to  boil  without  any  fire.  Though  there  was 
nothing  that  could  be  considered  very  surprising  in  this  matter, 
yet  I  acknowledge  fairly  that  it  afforded  me  a  degree  of  childish 
pleasure  which,  were  I  ambitious  of  the  reputation  of  a  grave  phi- 
losopher, I  ought  most  certainly  rather  to  hide  than  to  discover." 

Bumford  estimated  the  total  heat  generated  as  sufficient  to  raise 
26.58  pounds  of  ice-cold  water  180°,  or  to  its  boiling  point ;  and  he 
adds,  "from  the  results  of. these  computations,  it  appears  that  the 
quantity  of  heat  produced  equally  or  in  a  continuous  stream,  if  I 
may  use  the  expression,  by  the  friction  of  the  blunt  steel  borer 
^jdnst  the  bottom  of  the  hollow  metallic  cylinder,  was  great&r 


tibaa  that  produced  mtZie  eomlraaion.  of  aine  73X  cjuitflu^.  -iaA 
three-qoarters  of  aa  izidi  in  <fiaiTMHyr,  aQ.  oomiiur  ^igwa^r  -irtdk 
dear  Ini^t  flamea.^ 

"One  borae  woold  lucire  been  cqaal  fii  xim  w^jrk  ^aisrmed^ 
though  two  were  aetnallj  emplbjed.  Seas  may  dns  be  prviaised 
merdj  b j  tike  strengtiL  of  &  luxsey  md  m.  a.  «aae  of  seeeaBCr  3ub 
mi^ii  be  used  in  tociJn^  TOCaala.  Bnc  no  dnsmmsaiuses  ooiiiff  b« 
Tmagmed  in  wbidi  liaa  method  of  prodncxiu^  oeac  ^nui  be  ait73a' 
tageoos^  iar  more  beat  migiis  be  obtained  yj  usmr  :iLe  iMUier  31^ 
eeaaary  for  tbe  support  of  tbebtsse.  a»SieL 

"B5  meditatnig  on  tbe  resnics  of  ill  lansse  -soerfmeisft.  7>  iri» 
natoranj  broo^bt  to  tbat  ^reat  qpeasdoL  -jtujcsl  oaa  3fs  ubsn  bees. 
the  sabject  of  ^ecoLsdoa  xmrm^  zhilceozhias.  ^aaudj,  Tjac  fis 
beat?  Is  tboe  saeh&thin^as  sl  ^hisciib  iniAi!  ia  '2ies»  inT* 
tbing  that  witb  propriesr  can.  be  «*aila(i  lalt^^rfft  ? 

^  We  bare  seen  that  a  T^ry  &mab^isaaui  maojocj^  ^  ifiox:  ustf 
be  excited  bj  the  firictioa  of  ^wo  ^lsuZji*  «iiirlu%5t.  ixui  n'^^si  -vlt  xl 
%  constant  stream  or  tfsx  u  «u  iir*KfJantu  Trjsicnz  JiXMnm^fMi  w 
intermisBioD,  and  wichoat  any  asna  '^  iHmvapif^itsm.  ve  ^xiuuHsif^^i/iL^ 
In  reasoning  on  thb  sxbjeet  we  siaa  nvc  5^r:rE%  ^4*1;:  im«i(  •^nMv'ai 
Me  eiremmftmtff.  titait  die  9jixr%  of  "aie:  i«%a£  isuins^  17  l«>*rUvi 
in  tbeae  ezp«raen&  appeared  erjLsai^jv*  v^  vt^tsvymaf.^^,.  T^mc 
itafica  are  BamfiopTs.)  It  »  barilj  ^/t^f^swrr  *a  ituL  inxstt  tivr 
thing  wfaicb  anr  imimigUd  yAj  or  sfiBeoL  vt  'wtiiiji  laft  vmii^ium; 
to  fc"*^*fc  «i£U«/  Jairtfertwa,  taaniX,  yytmxcj  1^  t.  m^j^p^gt**  ^0^ 
9tmmee;  and  it  appears  zawutiAztt  ^sssrangij  ^i&mUL  jf  jusn  yur^ 
Impoaaibk^  to  fern  aoj  Sassnat.  idea^  of  SL7  ^auncr  t«V)^'»ut  -if  vtuif^ 
excited  and  nartrnmhraced  3l  ^:4ft:  ^z^^anniuifit.  ^s^v^  x  't^  jm^ 


Xo  one  cam  read  "^ut  rvaaanxrxj  v:Sjk  txut  Imtut  ytx^  if^m> 
which  tbeae  extracts  are  takax.  wr:±<yic  Viiur  «crut:ii:  v  j::t  "t;^,  y^^ 
lect  &tinctacas  wMk  w!:5e&  ^/«  ^rv^u^ia  »  'v%  tr^*r^  r4«t  ^.^ 
aeoted,  and  the  sjwasjassit  aa£  -wadaRrr*  awjsuvt  '';^  jtu  v.^s:a^^iMAf^ 
BnmioidkefCitrktif  waLat&e'2aMC»^>d>^m»^  v'^uuii^ 
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no  man  can  define  better  than  he  did.  "I  am  very  far  from  pre- 
tending to  know  how,  or  by  what  means  or  mechanical  contri- 
vances, that  particular  kind  of  motion  in  bodies,  which  has  becD 
supposed  to  constitute  heat,  is  exerted,  continued,  and  propagated, 
and  I  shall  not  presume  to  trouble  the  Society  with  new  coigeo- 
tures.  But  althouglf  the  mechanism  of  heat  should  in  part  be  one 
one  of  those  mysteries  of  nature,  which  are  beyond  the  reach  cf 
human  intelligence,  this  ought  by  no  means  to  discourage  us,  or 
even  lessen  our  ardor  in  our  attempts  to  investigate  the  laws  of  its 
operations.  How  far  can  we  advance  in  any  of  the  paths  which 
science  has  opened  to  us,  before  we  find  ourselves  enyeloped  in 
those  thick  mists,  which  on  every  side  bound  the  horizon  of  the 
human  intellect." 

Eumford's  experiments  completely  annihilated  the  material  hy- 
pothesis of  heat,  while  the  modern  doctrine  was  stated  in  explicit 
terms.  He  moreover  advanced  the  question  to  its  quantitative  and 
highest  stage,  proposing  to  find  the  numerical  relation  between 
mechanical  power  and  heat,  and  obtained  a  result  remarkably  near 
to  that  finally  established.  The  English  unit  of  force  is  the  foot- 
pound, that  is,  one  pound  falling  through  one  foot  of  space ;  the 
unit  of  heat  is  one  pound  of  water  heated  1°  F.  Just  fifty  years 
subsequently  to  the  experiment  of  Eumford,  Dr.  J.  P.  Joule,*  of 
Manchester,  England,  after  a  most  delicate  and  elaborate  series  of 
experiments,  determined  that  772  units  of  force  produce  one  unit 
of  heat ;  that  is,  772  pounds  falling  through  one  foot  produces  suf- 
ficient heat  to  raise  one  pound  of  water  1°  F.  This  law  is  known 
as  the  mechanical  equivalent  of  heat.  Now,  when  we  throw  Bum- 
ford's  results  into  these  terms,  we  find  that  about  940  unite  of  force 
produced  a  unit  of  heat,  and  that,  therefore,  on  a  large  scale,  and 
at  the  very  first  trial,  he  came  within  twenty  per  cent,  of  the  true 

•  James  Pbbsoott  Jouxb,  bom  December  24th,  1818,  at  Salford,  near  MancheBter, 
England,  where  he  pursued  the  occupation  of  a  brewer.  Long  and  deeply  deyoted 
to  scientific  inyestigation,  he  became  a  member  of  tha  Manchester  Philosophical  Bo* 
detj  in  1842^  and  of  the  Bojal  Sodety  of  London  in  1850. 


wfaich,  eonadenn^  dike  ■'^r^  «e!!is«rKxr^  irvafieeL  sxal  :zi^  cnar 
tkm  <^  the  e:qwri2neBl.  ^?ryg  ixri  laeo.  nnaifiezantis :  4 
Rnmfiird  Irinwitf  ttotkw^,  tzasxadst^  ims  '-kfawk  "if;ri. 
fiert  niuueikjJ  rooJls  b  ifiratfg  k<&  rs^j  mir^  'Subo,  tvusl  m^ 
jiwuimatifMWj  j'ct  tibej  ntsf  eiafiir  ^  lais^  1  iiJIiriiriiiii  111  if  i,*JC 
prmdplML  CatuBlr  bo  4Bfr  cocul  ot^^w  Z-q£&UL*i  !£flDXL  '21  -lift 
diaooTCiT  of  tbe  Isv  of  dffergf  frsooEams.  MsaoHe:  if  :3e  juk- 

We  are  eaSed  &n£aer  lo  at^se  izus  2.Tm:^'j^»  jirisii  iivtci  -^fu*^ 
genenl  sabjed  of  iorees  v<r»:  Ik-  3l  nrrBUK  if  ii&  uss-  'Ea  ^asw 
tiie  rdjlkm  of  all  fiie:kA  ?o  iisacL  sui  sit^z^flCdt  :^dc  if  inuiiL  \j 
^nmm^  proeeases.  is  a  Trtftc.-^  cf  ^r^fnyrng'  x — yr^i^^ft^  'iie 

eqmrjknt  of  besi*  Ha  &ra«£rzMre  rssir^si  •wiiw«»i'»  c./obcr*:*' 
«a27jr,  eoDtadczin^  tticir  £ne  ji^  13«:  terjineLfc-t  if  lu^!^  Ivs^  «bC 
Bo(  creased.  T^ac  £.izmf ;rt  iisvi  '^i^'o^  T^avrt  n.  'tu^ 
and  lualKM  kos^  il  -w^osl  "^uej  ir%  iA.«r  *asi<r^ 
tained  k^  <^  eoszae,  U3C  wmem^  Tiik  tima^tt  ±vtL  ^  Ctir  ^ 
0IIZ8  has  been  frofipcms.  WVjb&  w^ssuvtsk  las^i  vwa  *t:*sisja. 
wliidi  afford  tiie  most  VaiHrffifl  fymigtTTfea&wa  if  -i^  iif;v  tn^^ 
triiie&  Xlkoee  docaines  ksre  rfioesTfiC  -^itar  niMtf&uiieu:  ifn^^sr^ 
ment  in  ▼aikw  £FEi6&oas  Vr  laacr  smioi^  iim  y'^  tu^  v(  nUw^'^fC 
to  qnestioa  if  lihe  eosdz&BSHos  of  as?-  of  -UAtur  >inmii^s«f»  iriL  mif  - 
pasB^  if  indeed  'dkej  viH  ^ipakL  isjt  -nuwt  tsut  su^jnuuf^  r'iwsL  r^ 
mnst  aaeign  to  tiie  £z3Z  fnat  €ij«£can«aiu^  «&!^  ii.  ^su^  Xit?v  liis^ii^ 

tiODL 

Tbe  dbimi  of  Bnndcad  xdcst  i«f;  mmxuanKiC  k(  iuJUvw^c 


L  He  was  Hie  man  vlto  £rfi  v#^  'a*f:  ij&Mftrfcgi  ^  t^  utfijusif 
of  beat  ant  of  '^iie  ducucxi  of  ixc(CtQ4:74k^;fe.  irjutsf^  jt  ii^ 
been  ip&ealatdd  iq^osi  finee  1a«f;  iixbt;  ^  j&j^idwti^  iti«il 
placed  it  iQKm  tlte  me  baaa  of  }^»:«i3  txjMsfxa^Htf^ 

n.  He  first  prored  ihit  msa&aeDcr  ni  Hgf:  Knuvnui  «z|MiMfS^^tta 
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of  the  sources  of  heat,  and  demonstrated  the  falsity  of  the 
prevailing  view  of  its  materiality. 

m.  He  first  estimated  the  quantitative  relation  between  the  heat 
produced  by  friction  and  that  by  combustion. 

rV.  He  first  showed  the  quantity  of  heat  produced  by  a  definite 
amount  of  mechanical  work,  and  arrived  at  a  result  re* 
markably  near  the  finally  established  law* 

V.  He  pointed  out  other  methods  to  be  employed  in  determining 
the  amount  of  heat  produced  by  the  expenditure  of  me- 
chanical- power,  instancing  particularly  the  agitation  of 
water,  or  other  liquids,  as  in  churning. 

VI.  He  regarded  the  power  of  animals  as  due  to  their  food,  there 
fore  as  having  a  definite  source  and  not  created,  &nd  thus 
applied  his  views  of  force  to  the  organic  world. 

Vn.  Rumford  was  the  first  to  demonstrate  the  quantitative  con- 
vertibility of  force  in  an  important  case,  and  the  first  to 
reach,  experimentally,  the  fundamental  conclusion  that  heat 
is  but  a  mode  of  motion. 

In  his  late  work  upon  heat.  Prof.  TyndaU,  after  quoting  co- 
.  piously  fi-om  Rumford's  paper,  remarks :  "When  the  history  of  the 
dynamical  theory  of  heat  is  written,  the  man  who  in  opposition  to 
the  scientific  belief  of  his  time  could  experiment,  and  reason  upon 
experiment,  as  did  Rumford  in  the  investigation  here  referred  to, 
cannot  be  lightiy  passed  over."  Had  other  English  writers  been 
equally  just,  there  would  have  been  less  necessity  for  the  foregoing 
exposition  of  Rumford's  labors  and  claims ;  but  there  has  been  a 
maififest  disposition  in  various  quarters  to  obscure  and  depreciate 
them.  Dr.  Whewell,  in  his  history  of  the  Inductive  Sciences, 
treats  the  subject  of  thermotics  without  mentioning  him.  An  em- 
inent Edinburgh  professor,  writing  recentiyin  the  Philosophical 
Magazine,  under  the  confessed  influence  of  'patriotism,'  under- 
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Sakes  to  make  the  dynamical  theory  of  heat  an  English  monopoly, 
due  to  Sir  Isaac  Newton,  Sir  Humphry  Davy,  and  Dr.  J.  P 
Joule ;  while  an  abl©  writer  in  a  late  number  of  the  North  Britisli 
Review,  in  sketching  the  historic  progress  of  the  new  views,  puts 
Davy  forward  as  their  founder,  and  assigns  to  Rumford  a  minor 
and  subsequent  place.  ^ 

Sir  Humphry  Davy,  it  is  well  known,  early  rejected  the  caloiio 
hypothesis.  In  1799,  at  the  age  of  twenty-one,  he  published  a 
tract  at  Bristol,  describing  some  ingenious  experiments  upon  the 
subject.  It  was  the  pubhcation  of  this  pamphlet  which  brought 
him  to  Rumford's  notice,  and  resulted  in  his  subsequent  connection 
with  the  Royal  Institution.  But  Davy's  ideas  upon  the  question 
were  far  from  clear,  and  will  bear  no  comparison  with  those  of 
Rumford,  published  the  year  before.  Indeed  his  eulogist  remarks : 
"  It  is  certmn  that  even  Davy  himself  was  led  astray  in  his  argu- 
ment by  using  the  hypothesis  of  change  of  capacity  as  the  basis 
of  his  reasoning,  and  that  he  might  have  been  met  successfully  by 
any  able  calorist,  who,  though  maintaining  the  materiality  of  heat, 
might  have  been  willing  to  throw  overboard  one  or  two  of  the  less 
essential  tenets  of  his  school  of  philosophy."  It  was  not  till  1812 
that  Davy  wrote  in  his  Chemical  Philosophy,  "  The  immediate 
cause  of  the  phenomena  of  heat  then  is  motion,  and  the  laws  of  its 
communication  are  precisely  the  same  as  those  of  the  communica- 
tion of  motion."  When,  therefore,  we  remember  that  Davy's  first 
publication  was  subsequent  to  that  of  Rumford's,  that  hB  confined 
himself  to  the  narrowest  point  of  the  subject,  the  simple  question 
of  the  existence  of  caloric ;  and  that  he  nowhere  gives  evidence 
of  having  the  slightest  notion  of  the  quantitative  relation  between 
mochanical  force  and  heat,  the  futility  of  the  claim  which  would 
make  him  the  experimental  founder  of  the  dynamical  theory,  is 
abundantly  apparent. 

The  inquiries  opened  by  Rumford  and  Davy  were  not  formally 
pursued  by  the  succeeding  generation.  Even  the  powerful  adhe- 
•ion  of  Dr.  Thomas  Young — ^perhaps  the  greatest  mind  in  science 
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Bince  Newton — fiuled  to  give  cnrrency  to  the  new  Tiowa.  But  tho 
salient  and  impref^iaLle  demoustratioti  of  Riunford,  and  the  ingea- 
iona  eipemnenta  of  Dayy,  fiicts  which  coiild  neither  he  evaded  nor 
harmonized  with  the  preyaiiing  errors,  were  not  without  inflnenoe. 
That  there  was  a  general,  though  anoonaciona  tendency  toward  a 
new  philosophy  of  forooa,  in  the  early  inqniries  of  the  preaeot  o 
tury,  is  shown  hy  the  fact  that  variona  scientific  men  of  different 
nations,  and  with  no  knowledge  of  each  other'a  labors,  gave  e 
pression  to  the  same  viewa  at  about  the  some  time.  Grove  and 
Joule  of  England,  Mayer  of  Germany,  and  Colding  of  Denmark, 
BonoaDccd  the  general  doctrine  of  the  mntaal  relations  of  the  forces, 
with  more  or  lesa  expUcation,  abont  1843,  and  fieguin  of  France, 
it  is  claimed,  a  little  earlier,  From  this  ttme  the  subject  was  closely 
pursued,  and  the  names  of  Ilelmlioltz,  Holtaman,  Clanains,*  Faraday, 
Thompson,  Eanlrine,t  Tyndull,  Carpenter,  and  others  are  intimately 
associated  with  Us  advancement.  In  this  coanti-y  Profeaaors  Henry  { 
and  Leconte  §  have  contributed  to  illustrate  the  organic  phase  of  the 
dootrine. 

I  cannot  here  attempt  an  estimate  of  the  respective  shares 
which  these  men  have  had  in  constructing  the  new  theories ;  the 
reader  will  gather  various  intimations  upon  tiiis  point  from  the 
anooeeding  essays.  The  foreign  periodieala,  both  scientific  and  lit- 
erary, show  that  tiie  qneation  is  being  thoroughly  sifted,  and  mate- 
rials accumulating  for  the  future  history  of  the  snbject.  Tho  para- 
mount claims  are,  however,  those  of  Joule,  Mayer,  and  Grove. 

•  CLADenja,  Eupoi j'n  JirtiDS  luMimnei  mia  lorn  st  CfiElta,  Pnranum,  Jsoniry 
to,  WS.    He  beaaae  FrafessDr  oT  Philosophy  Qid  inijslw  In  the  Folytuhnlo  Hi 
Bt  Znrtch  Is  IBM,  SDd  Ibcn  Profeenor  of  the  Ziirldi  DuiyeisUj  (lecT).    He  was  o 
Tuiia  Uaehci  or  FhjBlcB  and  ArtilJerj  In  Uia  BchuoL  or  Berlin,  unii  than  pri 
Uaobor  of  Iho  tTnlTBraltj  ut  that  place. 

t  EisriNB,  WluJAn  Jons  MicauoKW  vns  1)om  at  Edinburgh,  Jaly  B,  IBM.  H« 
li  B  olvll  engineer  In  Glugoti,  &  member  of  the  Philogophlcal  Society  nt  that  pliso, 
ud  of  tbe  Eojal  Bociol;  ot  London. 

t  Bee  thearlltla''Meliorology,"ln  the  AgricuJlntalJleporlonheFplBDt  OtB«,ra 

tasi. 
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According  to  the  strict  rule  of  science,  that  in  all  those  cases 
where  experimental  proof  is  possible,  he  who  first  supplies  it  is  the 
trae  discoverer.  Dr.  Jonle  must  be  assigned  the  foremost  place 
among  the  modern  inyestigators  of  the  subject.  He  dealt  with  the 
whole  question  upon  the  basis  of  experiment.  He  labored  with 
great  perseverance  and  skill  to  determine  the  mechanical  equivalent 
of  heat — the  comer-stone  of  the  edifice ;  and  in  accomphshii^g  this 
result  in  1850,  he  maj  be  said  to  have  matured  the  work  of  Kumford, 
and  finally  established  upon  an  experimental  basis  the  great  law  of 
thermo-dynamics,  to  remain  a  demonstration  of  science  forever. 

Professor  Grove  has  also  worked  out  the  subject  in  his  own  in- 
dependent way.  Combining  original  experimental  investigations 
of  great  acuteness,  with  the  philosophic  employment  of  the  gen- 
eral results,  of  science,  he  was  the  first  to  give  complete  and  system- 
atic expression  to  the  new  views.  His  able  work,  which  opens 
the  present  series,  is  an  authoritative  exposition,  and  an  acknowl- 
edged classic  upon  the  subject. 

Again,  the  claims  of  Dr.  Mayer  to  an  eminent  and  enviable 
place  among  the  pioneers  of  this  great  scientific  movement,  are  un- 
questionable. There  has  evidently  been,  on  the  part  of  some  Eng- 
glish  writers,  an  unworthy  inclination  to  depreciate  his  merits, 
which  has  given  rise  to  a  sharp  and  searching  controversy.  The 
intellectual  rights  of  the  German  philosopher  have,  however,  been 
decisively  vindicated  by  the  chivalric  pen  of  Prof.  Tyndall ;  and  it 
is  to  the  public  interest  thus  excited,  that  we  are  indebted  for  the 
translation  of  Mayer's  papers,  which  appear  in  this  volume.  Mayer 
did  not  experiment  to  the  extent  of  Joule  and  Grove,  yet  he  well 
knew  its  importance,  and  made  such  investigations  as  his  apparatus 
and  the  duties  of  a  laborious  profession  would  aiUow.  Yet  his 
views  were  not  therefore  mere  ingenious  and  probable  conjectures. 
Master  of  the  results  of  modern  science,  and  of  the  mathematical 
methods  of  dealing  with  them,  possessing  a  broad  philosophic 
grasp,  and  an  extraordinary  mental  pertinacity.  Dr.  Mayer  entered 
early  upon  the  inquiry,  and  not  only  has  he  developed  many  of  its 


mraoDiJcTioH. 

prime  applications  in  odvanoe  of  aaj  otbci'  thinker,  bnt  be  lioa 
done  bis  work  under  circamatonces  and  in  a  muniier  wbicb  awa- 
kens tbe  highest  admiration  for  bis  geniua.* 

An  eminoDt  autboritj:  boB  remarked  '  that  tf  ese  diaoovcriea  open 
a  region  which  promises  possessions  richer  than  any  hitherto 
granted  to  the  intellect  of  man.'  Involving  as  they  do  a  revolution 
of  fundamental  ideas,  their  oonaequeQcea  must  be  as  coraprehen- 
a  the  range  of  hnman  thought.  A  principle  has  been  devel- 
oped of  all-perrading  application,  whieh  bringa  the  diverse  and 
distant  branches  of  knowledge  into  more  intimate  and  hormoniona 
alliance,  and  affords  a  profounder  ioHght  into  tbe  universal  order. 
Not  only  is  science  itself  deeply  affected  by  the  preaentation  of  ita 
qaestions,  in  new  and  auggestive  lights,  bnt  its  method  is  at  onoe 
made  nnirersal.  There  ia  a  crude  notion  in  many  minda,  that  it  is 
the  busineas  of  acience  to  oconpy  itself  merely  with  the  study  of 
matter.    When,  liitlierto,  it  has  pressed  its  inquiries  into  the  higher 

■  Fnt  Tfiid^  rcnmrlu:  "Miyer  pmlnbly  h&d  Dotlbo  mesns  of  nuking  expeii- 
foetild  hlmdal^  buL  be  roDuicked  Ihfl  recordfl  of  t^spurUDiiDtiil  Bdebaa  tot  biji  datJL,  ud 
thai  oonfEiTed  npun  hLi  wrttlagB  a  strength  wWob  uicra  spoonlatlon  can  noTor  poBHSS. 
ITom  ttas  sitancta  whloil  I  bUTO  glvon,  [tie  reader  may  InFer  bis  sliDiig  doalre  tat  qniB- 
UUHve  ammicj,  Um  oIumeaB  ot  bla  Inslgbt,  tmd  tba  flimDau  of  hja  gmp,  Rsgud- 
hiff  thQ  rcoognltloD  which  will  be  oLtlaiately  aaaDnlad  to  Dr.  Mayor,  n  iliade  of  b1JDbl« 
or  doubt  lua  dotbt  croHod  ■Dr  inlnd.  Indlvldoala  may  seek  lopuU  him  do>in,bnt 
tbeir  efTorts  vHli  ha  uniTslLIng  as  lon^  lu  Buob  oFtdenc«  of  his  genius  existBy  and  M 
lonsutlia  general  mUld  oT  hanumitj  la  influenced  b;  considcraflona  of  JuaUoo  tad 
tnith. 

~  Tile  psQeily  of  Auts  In  Mayer^s  time  has  boon  nrged  as  If  it  •napG  a  repronch  to 
blm;  bat  It  ongbtlo  tie  remembered  that  the  qnoBtlty  of  (hct  noccBSsry  to  s  gonerallni. 
Una  la  different  fur  dllTsreat  mind!.  '  A  vmd  to  the  irise  is  sufficient  fur  tbotn,'  and 
*  Bingle  Ihot  In  same  minds  beara  trait  tbnt  a  bondred  Qinaot  produoa  In  oUiera. 
Uayer*s  dnU  vera  compaistively  scanty,  bnt  his  genlna  went  ihr  to  supply  the  lack  of 
vcperlmcnt,  by  enabling  him  to  soe  dearly  the  bearing  of  eneh  facta  as  be  poaaessed. 
They  enablid  blm  to  think  ont  the  Uw  of  cooBcryatlon,  and  his  condualona  recolTOd 
Ibe  stamp  of  certainty  from  tbe  suhaeqacdt  esperlmental  labors  of  Mr.  Joule.  In  nif- 
nenCB  to  their  Mrapatadve  merlta,  I  woold  say  thut  as  Seer  and  Qenetallier,  Uiyer 
la  mjr  Of  inlDn,  stand*  Sret—<u  tiisptriiiie»UUp/H!oiop!iir,Jouli.' 
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region  of  life,  mind,  society,  history,  and  education,  the  traditional 
custodians  of  these  suhjects  have  bidden  it  keep  within  its  limits 
and  stick  to  matter.  But  science  is  not  to  be  hampered  by  this 
narrow  conception ;  its  office  is  nothing  less  than  to  investigate  the 
laws  and  nniversal  relations  of  force,  and  its  domain  is  therefore 
coextensive  with  the  display  of  power.  Indeed,  as  we  know  noth 
ing  of  matter,  except  through  its  manifestation  of  forces,  it  is  ob* 
vious  that  the  srudy  of  matter  itself  is  at  last  resolved  into  the 
study  of  forces.  The  establishment  of  a  new  philosophy  of  forces, 
therefore,  by  its  vast  extension  of  the  scope  and  methods  of  sci- 
ence, constitutes  a  momentous  event  of  intellectual  progress. 

The  discussions  of  the  present  volume  will  make  fully  apparent 
the  importance  of  the  new  doctrines  in  relation  to  physical  science, 
but  their  higher  implications  are  but  partially  unfolded.  In  the 
concluding  article  Dr.  Carpenter  has  shown  the  applicability  of  the 
principle  of  correlation  to  vital  phenomena.  His  argument  is  of 
interest,  not  only  because  of  the  facts  and  principles  established, 
but  as  opening  an  inquiry  which  must  lead  to  still  larger  results : 
for,  if  the  principle  be  found  operative  in  fundamental  organic 
processes,  it  will  undoubtedly  be  traced  in  those  which  are  higher ; 
if  in  the  lower  sphere  of  life,  then  throughout  that  sphere.  If  the 
forces  are  correlated  in  organic  growth  and  nutrition,  they  must  be 
in  organic  action ;  and  thus  human  activity,  in  all  its  forms,  is 
brought  within  the  operation  of  the  law.  As  a  creature  of  or- 
ganic nutrition,  borrowing  matter  and  force  from  the  outward 
world ;  as  a  being  of  feeling  and  sensibility,  of  intellectual  power 
and  multiform  activities,  man  must  be  regarded  as  amenable  to  the 
great  law  that  forces  are  convertible  and  indestructible;  and  as 
psychology  and  sociology — the  science  of  mind  and  the  science  of 
society — ^have  to  deal  constantly  with  different  phases  and  formg 
of  humafl  energy,  the  new  principle  must  be  of  the  profoundest 
Import  in  relation  to  these  great  subjects. 

The  forces  manifested  in  the  living  system  are  of  the  most 
▼aried  and  unlike  character,  mechanical,  thermal,  luminous,  electric^ 
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ohemicfll,  nervous,  seqsory,  emotional,  nnd  mtollectuol.  Tlint  tliew 
foroeB  are  porfectlj-  courdinated — that  thore  is  some  definite  relatJOB 
among  them  which  explains  the  marvollons  dyuaniio  nnit?  of  tho 
lining  organism,  doea  not  admit  of  qnestion.  That  *Jii3  relation  ia 
of  the  same  natwe  as  that  which  is  found  tc  eiist  among  tho 
purely  physical  forces,  and  wliieh  is  expressed  by  tho  term  '  Correl- 
ation,' seems  also  ahondantlj  evident.  From  the  great  complex- 
ity of  the  conditions,  the  aaaie  exactness  will  not,  of  oonrae,  be 
expected  here  as  in  the  inorganic  field,  but  this  is  one  of  the  neoes- 
sary  limitationa  of  all  physiological  and  psychological  inquiry;  thus 
qualified  the  proofs  of  the  correlation  of  the  nervous  and  mental 
forces  with  tho  physical,  are  ae  clear  and  decisive  aa  those  for  the 
I)hysical  forces  alone. 

If  a  cmrent  of  electricity  is  passed  through  a  small  win 
produces  heat,  while  if  heat  is  applied  to  a  ccrtiun  combination  of 
metals,  it  reproduces  a  current  of  eleotiieity;  these  farces  are, 
therefore,  correlated.  A  onrrent  of  electricity  passed  throngh  a 
smoil  portion  of  a  motor  or  sensory  nerve  will  oxeite  the  nerve 
force  in  the  remtunder,  while,  on  tho  other  hand,  ts  is  shown  in  the 
ease  of  the  torpedo,  the  nerve-force  may  generate  electricity, 
K^erve-furee  may  produce  heut,  light,  eleotricity,  and,  as  we  c 
Btaiitly  experience,  mecbaoical  power,  and  these  in  their  turn  may 
also  excite  nerve-force.  This  form  of  onci'gy  is  therefore  clearly 
entitled  to  a  place  in  the  order  of  correlated  ugeocies. 

Agidn,  if  wo  taico  the  highest  form  of  mental  action,  ^z.:  will- 
power, we  find  that  while  it  commands  tho  movements  of  tho  ays- 
tom,  it  does  not  act  directly  npon  tha  muscles,  but  upon  the  cerebral 
hemispheres  of  the  brain.  There  is  a  dynamic  chain  of  which 
voluntary  power  is  bat  one  link.  Tho  will  is  a  power  which  excites 
nerve-force  in  the  brain,  which  again  excites  mechanical  power  ir 
the  muscles.  Will-]>ower  is  therefore  correlated  with  nerte-power 
rc  the  same  manner  as  the  latter  is  with  mueoular  ])0wer. 
Carpenter  well  observes:  "It  is  difEcult  to  see  that  the  dynamical 
Bgenoy  which  wo  term  will  is  more  removed  from  nerve-forca  o 
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the  one  hand  than  nerve-force  is  removed  from  motor  force  on  the 
other.  Each,  in  giving  origin  to  the  next,  is  itself  expended  or 
ceases  to  exist  as  gtieh,  and  each  hears,  in  its  own  intensity,  a  pre- 
cise relation  to  that  of  its  antecedent  and  its  consequent."  We  have 
here  only  space  hriefj  to  trace  the  principle  in  its  application  to 
sensations,  motions,  and  intellectual  operations. 

The  physical  agencies  acting  upon  inanimate  ohjects  in  the 
external  world,  change  their  form  and  state,  and  we  regard  these 
changes  as  transformed  manifestations  of  the  forces  in  action.  A 
hody  is  heated  hy  hammering ;  the  heat  is  hut  transmuted  mechani- 
cal force;  or  a  hody  is  put  in  motion  hy  heat,  a  certain  quantity 
heing  transformed  into  mechanical  effect,  or  motion  of  the  mass. 
And  so  it  is  held  that  no  force  can  arise  except  by  the  expenditure 
of  a  preexisting  force.  Now,  the  living  system  is  acted  upon  by 
the  same  agencies  and  under  the  same  law.  Impressions  made 
npon  the  organs  of  sense  give  rise  to  sensations,  and  we  have  the 
same  warrant  in  this,  as  in  the  former  case,  for  regarding  the  effects 
as  transformations  of  the  forces  in  action.  K  the  change  of 
molecular  state  in  a  melted  body  represents  the  heat  transformed 
in  fusing  it,  so  the  sensation  of  warmth  in  a  living  body  must 
represent  the  heat  transformed  in  producing  it.  The  impression  on 
the  retina,  as  well  as  that  on  the  photographic  tablet,  results  from 
the  transmuted  impulses  of  light.  And  thus  impressions  made 
from  moment  to  moment  on  all  our  organs  of  sense,  are  directly 
correlated  with  external  physical  forces.  This  correlation,  further- 
more, is  quantitative  as  well  as  qualitative.  Kot  only  does  the 
light-force  produce  its  peculiar  sensations,  but  the  intensity  of  these 
sensations  corresponds  with  the  intensity  of  the  force ;  not  only  is 
atmospheric  vibration  transmuted  into  the  sense  of  sound,  but  the 
energy  of  the  vibration  determines  its  loudness.  And  so  in  all 
other  case&;  the  quantity  of  sensation  depends  upon  the  quantity 
of  the  force  acting  to  produce  it. 

Moreover,  sensations  do  not  terminate  in  themselves,  or  come 
to  nothing;  they  produce  certain  correlated  and  equival^^ut  effects. 
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The  foolings  of  light,  heat,  sonnJ,  odor,  taste,  pressure,  are  un- 
inediately  followed  by  physiological  offocta,  bb  BCcrotioD,  mnaculal 
aotioii,  &c  SensalioDS  iDcrease  the  contractiotis  of  the  heart,  and 
St  hss  been  lately  inaintained  that  every  sensation  ooutracts  the 
muBouIftr  fihres  throughout  the  whole  vascnlnr  Bystem.  The  res- 
piratory muscles  also  respond  to  scDsations;  the  rate  of  breathing 
being  inoreaaed  by  both  pleaanrable  and  painfol  nerve-impreswone. 
The  qnantify  of  sensation,  moreoTor,  controls  the  quantity  of  emo- 
tion. Loud  sounds  produce  violent  starts,  disagreeable  tastes  oaase 
wry  faces,  and  sharp  pains  give  rise  to  violent  straggles.  Etoq 
when  groans  and  ones  ore  sitppreBsed,  the  clenched  bands  and  set 
teetb  show  that  the  muscular  exoitemeut  is  only  talking  another 
direction. 

Betweeu  the  omntiona  and  bodily  actions  the  correlation  and 
equivalence  are  also  equally  clear.  Moderate  actiona,  Uke  moderate 
sensations,  escite  the  heart,  the  vascular  system,  and  the  glandular 
organs.  As  the  emotions  rise  in  strength,  however,  the  roriona 
systeras  of  moscles  are  thrown  into  action ;  and  when  they  reach  a 
oertiun  pitch  of  intensity,  violent  convulsive  movements  ensue. 
Anger  frowns  and  stamps;  grief  wrings  its  liauds;  joy  dances  and 
leaps — the  amount  of  sensation  determining  the  quantity  of  correla- 
tive movement. 

Dr.  Carpenter,  in  his  Physiology,  has  brought  forward  nnmerouH 
exemplifications  of  this  principle  of  the  converaion  of  emotion  into 
movement,  as  seen  in  the  common  workings  of  human  natnre. 
Most  persons  have  experienced  the  difficulty  of  sitting  Btill  under 
high  excitement  of  the  feelmgs,  ond  also  the  relief  afforded  by 
walking  or  active  exercise;  while,  on  the  other  hand,  reprcsdon  of 
the  movements  protracts  the  emotional  excitement.  Many  irascible 
persona  get  relief  from  their  irritated  feelings  by  a  hcaiiy  ex])losioa 
of  oaths,  others  by  a  violent  slamming  of  the  door,  or  a  prolonged 
fit  of  grumbling.  Demor  strati ve  persons  habitually  expend  their 
fee^gs  in  action,  while  those  who  manifest  them  less  retain  them 
longer:  hence  the  fonner  are  more  weak  and  transient  in  their 
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■ttAcbraonts  Uion  the  latter,  wliose  nuexpeDdcd  emotions  brcoma 
permanent  dements  of  uliaraeter.  For  the  same  reaaon,  those  wno 
are  loud  and  vehement  in  tlieir  lamentations  aeldom  die  of  giief; 
ivbile  the  deep-seated  emotions  of  sorrow  whioli  others  oannot 
work  off  in  violent  demonstrations,  depreas  the  organic  ftmctions, 
and  often  wear  ont  tlio  life. 

Xlie  intelleotaal  operations  are  also  direotl;'  correlated  with 
phyaieal  activitjos.  As  in  the  inorganic  world  we  know  nothing 
of  forces  except  as  exhibited  by  matter,  so  in  the  higher  intellectual 
realm  we  know  nothing  of  mind-force  except  through  its  material 
raanifeatations.  Mental  operations  are  dependent  npon  mnterial' 
changes  in  the  nervous  system ;  and  it  may  now  be  regarded  as  a 
fondamental  phj Biological  principle,  that  "no  idea  or  feeling  can 
arise,  save  aa  the  result  of  some  physical  force  expended  in  pro- 
ducing it."  The  dlrectnoBB  of  this  dependence  is  proved  by  the 
fact  that  any  disturbance  of  the  train  of  cerebral  transformations 
distnrbs  mentality,  while  their  arrest  destroys  it.  And  here,  also, 
the  correlation  is  quantitative.  Other  things  being  eqnal  there  is  a 
relation  between  the  size  of  the  nerve  apparatus  and  the  amount 
of  mental  action  of  which  it  is  capable.  Again,  it  is  dependent 
npon  the  vigor  of  the  circnlation ;  if  this  is  arrested  by  the  cessation 
of  the  heart's  action,  total  unaonsciousnessresnlts;  if  it  is  enfeebled, 
mental  action  is  low ;  whUe  if  it  is  quickened,  mentality  rises,  even 
to  deliriom,  when  the  cerebral  activity  becomes  excessive.  Again, 
the  rate  of  brain  activity  is  dependent  npon  the  special  chemical 
ingredients  of  the  blood,  oxygen  and  carbon.  Increase  of  oxygen 
augments  cerebral  action,  while  increase  of  carbonic  acid  depresses 
it.  The  degree  of  mentality  is  also  dependent  upon  the  phosphatio 
oonstitneots  of  the  nervons.system.  The  proportion  of  phosptonis 
in  the  brain  is  amaUest  in  infancy,  idiocy,  and  old  age,  and  greatest 
during  the  prime  of  life ;  while  the  quantity  of  alkaline  phosphate* 
excreted  by  the  kidneys  rises  and  fulls  with  the  variations  of  mental 
activity.  The  eqnivaleuca  of  physical  agencies  and  mental  effects 
is  still  fui'ther  seen  in  the  action  of  various  substances,  as  alcohol^ 
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Dpium,  liasliish,  nitrons  osiiio,  etc.,  wten  absorbed  into  the  blood, 
■Witiin  the  limits  of  their  peooliar  aolJou  Qpon  tlio  nervous  centrea, 
tho  effect  of  each  ie  Btrictly  proportionate  to  tie  quimtity  taken. 
There  ia  a  constant  ratio  between  the  antecedents  and  conseqnenta, 
"How  thia  metamorphosifl  takes  plaoe— how  a  foi-oe  existing 
motion,  heat,  or  light,  can  become  a  mode  of  oonscionsneBB-— 
how  it  is  possible  for  aGrial  vibrations  to  generate  the  sensation 
we  call  sound,  or  for  tho  forces  liberated  by  oheinical  changes  in  tiia 
brain,  to  give  rise  to  emotion,  these  are  Biysteriea  which  it  ia  i 
possible  to  fathom.  But  they  ai'o  not  profonnder  mysteries  than 
the  transformation  of  tho  physical  forces  into  each  other.  They 
are  not  more  completely  beyond  our  coraprehenaion  than  the 
natures  of  mind  and  matter.  They  hjive  simply  the  same  insoln- 
bility  aa  all  other  ultimate  questions.  We  can  leam  nothing  mora 
than  that  here  ia  one  of  the  uniformities  in  the  order  of  phfr- 


The  law  of  correlation  being  tins  applicable  to  human  energy 

BB  well  as  to  tlie  powers  of  nature,  it  must  also  apiily  to  society, 

where  we  constantly  witness  the  conversion  of  forces  on  a  corapre- 

L   henaive  scale.     The  powers  of  nature  are  ti'ansformed  into  the  activ- 

I  itiea  of  society ;  water-power,  wind-power,  steam-power,  and  eleotri- 

I  ca]-power  are  pressed  into  the  social  service,  reducing  human  labor, 

I    multiplying  rosoTirces,  and  carrying  on  numberless  industrial  pro- 

cs:  indeed,  the  oouversiou  of  these  forces  into  social  aotivities 

le  of  the  chief  triumphs  ot  civilization.     The  nniversal  forces 

I  of  heat  and  Ught  are  transformed  by  the  vegetable  kingdom  i 

tlie  vital  energy  of  oi^anic  oompoiinda,  and  then,  as  food,  are  ng 

converted  into  hmnan  beings  and  human  power.    The  very  exist- 

)  as  well  as  the  activity  of  society  are  obviously  dependent  upon 

the  operations  of  vegetable  growth.    When  that  is  abundant,  popn- 

in  may  become  dense,  and  social  activities  miutifarious  and 

I  Domplioatod,  while  a  scanty  vegetation  entails  sparse  population 

[  Bud  enfeebled  social  action.      Any  nniversal  disturbance  of  tha 

I  physical  forces,  as  excessive  rains  or  drouth,  by  reducing  the  liar- 
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i  felt  throTighoiit  the  entire  Bodal  organism.  Where  tLia 
effect  is  marked,  and  Dot  eoonteracted  by  tree  commcDication  with 
more  fertile  re^gions,  the  means  of  the  commnnitj  become  restricted, 
basiitess  declines,  mannfactnres  are  reduced,  trade  BlacLens,  travel 
falls  off,  luxuries  are  diminished,  education  is  neglected,  marriages 
are  fewer,  and  a  thousand  kindred  reanlts  indicate  decline  of  enter- 
prise and  depresson  of  the  social  energiea. 

In  a  djnamical  point  of  riew  there  is  a  strict  analogy  between 
the  individual  and  the  aocial  economies — the  same  law  of  force 
governs  the  development  of  both.  In  the  case  of  the  individual, 
the  amount  of  energy  which  he  possesses  at  any  time  is  limited, 
and  when  consumed  for  one  purpose  it  cannot  of  0010*36  fae  had  for 
another.  An  undue  demand  m  one  direction  involves  a  corre- 
sponding deficiency  elsewhere.  For  example,  excessive  action  of 
the  digestive  system  exhausts  the  mnscnlar  and  cerebral  systems, 
while  excessive  action  of  the  muscular  system  is  at  the  expense  of 
the  oerebrol  and  digestive  organs;  and  again,  excessive  action  of 
the  brain  depresses  the  digestive  and  mnscnlar  energies.  If  the 
fiind  of  power  in  the  growing  constitutions  of  children  is  overdrawn 
in  any  specinl  channel,  as  is  often  the  case  by  excessive  stimulation 
of  the  bram,  the  undue  abstraction  of  energy  from  other  portions 
of  the  system  is  sure  to  entail  some  form  of  physiological  disaster. 
So  with  the  social  organism;  its  forces  being  limited,  there  is  but  a 
definite  araonnt  of  power  to  be  consumed  in  the  vftrioos  social 
activities.  Its  appropriution  in  one  way  makes  impossible  its  em- 
ployment in  another,  and  it  can  only  gain  power  to  perform  one 
fnnction  by  the  loss  of  it  m  other  directions.  Tliis  fact,  that  social 
force  cannot  be  treated  by  enactment,  and  that  when  dealing  with 
the  producing,  distributing,  and  commercial  activities  of  the  com- 
munity, legislation  can  do  little  more  than  interfere  vrith  their 
natural  courses,  deserves  to  be  more  thoroughlj  appreciated  by  the 
pablic. 

But  the  law  in  question  has  yet  higher  hearings.  More  and 
more  we  ai'e  perceiving  that  the  condition  of  hnmaaity  and  tba 


XXXVlll  INTEODUCnON. 

progress  of  civilization  are  direct  resultants  of  the  forces  by  which 
men  are  controlled.  What  we  term  the  moral  order  ot  society,  im- 
plies a  strict  regularity  in  the  action  of  these  forces.  Modem  sta- 
tistics disclose  a  remarkable  constancy  in  the  moral  activities  man- 
ifested in  commmiities  of  men.  Grimes,  and  even  the  modes  of 
crime,  have  been  observed  to  occur  with  a  uniformity  which  admits 
of  their  prediction.  Each  period  may  therefore  be  said  to  have  its 
definite  amount  of  morality  and  justice.  It  has  been  maintained, 
for  instance,  with  good  reason,  that  "  the^egree  of  liberty  a  peo- 
ple is  capable  of  in  any  given  age,  is  a  fixed  quantity,  and  that  any 
artificial  extension  of  it  in  one  direction  brings  about  an  equiva- 
lent limitation  in  some  other  direction.  French  revolutions  show 
scarcely  any  more  respect  for  individual  rights  than  the  despotisms 
they  supplant;  and  French  electors  use  their  freedom  to  put 
themselves  again  in  slavery.  So  in  those  communities  where  State 
restraint  is  feeble,  we  may  expect  to  find  it  supplemented  by  the 
sterner  restraints  of  public  opinion." 

But  society  like  the  individual  is  progressive.  Although  at 
each  stage  of  individual  growth  the  forces  of  the  organism,  physi- 
olo^cal,  intellectual,  and  passional,  have  each  a  certain  definite 
amount  of  strength,  yet  these  ratios  are  constantly  changing,  and 
it  is  in  this  change  that  development  essentially  consists.  So  with 
society ;  the  measured  action  of  its  forces  gives  rise  to  a  fixed 
amount  of  morality  and  liberty  in  each  age,  but  that  amount  in- 
creases with  social  evolution.  The  savage  is  one  in  whom  certain 
classes  of  feelings  and  emotions  predominate,  and  he  becomes  civil- 
ized just  in  proportion  as  these  feelings  are  slowly  replaced  by  oth- 
ers of  a  higher  character.  Yet  the  activities  which  determine 
human  advancement  are  various.  Not  only  must  we  regard  the 
physiological  forces,  or  those  which  pertain  to  man's  physical  or- 
ganization and  capacities,  and  the  psychological,  or  those  resulting 
from  his  intellectual  and  emotional  constitution,  but  the  influences 
of  the  external  world,  and  those  of  the  social  state,  are  likewise  to 
be  considered.    Man  and  society,  therefore,  as  viewed  by  the  ey« 
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of  seionce,  present  a  seriea  of  vast  and  oomples  flynainioal  proLloms, 
which  are  to  be  studied  in  the  fotnre  in  the  light  of  the  jreat 
likw  bj  which,  we  have  reaaon  to  believe,  all  forms  and  phases  of 
force  are  governed. 

A  further  aspect  of  the  anhjoct  remaina  still  to  be  noticed,  Mr, 
Herbert  Spencer  baa  the  honor  of  crowning  thia  sublime  inqoiry  by 
•howing  that  the  law  of  the  conservation,  or  ae  he  prefers  to  term  it 
the  'Persiateuce  of  Force,' as  it  is  the  nnderljing  principle  of  all  be- 
ing, is  also  the  fundamental  truth  of  all  philosophy.  With  masterly 
anolytio  akill  ho  has  shown  that  this  principle  of  whi(^h  the  hnman 
mind  has  just  become  fuUj  conscious,  is  itself  the  profonndest  law 
of  the  human  mind,  the  deopeat  foundation  of  conBCionaness,  Ee 
has  demonstrated  that  the  law  of  the  Persistence  of  Force,  of  which 
tJie  most  piercing  intellecta  of  post  times  had  but  partial  and  un- 
satisfying glimpses,  and  which  tiie  latest  scientific  research  has 
disclosed  as  a  great  principle  of  nature,  has  a  yet  more  transcendent 
character;  ia,  in  fact,  an  d  priori  tmth  of  the  highest  order — a 
truth  which  ia  necessarily  involved  in  onr  mental  organization; 
which  is  broader  than  any  poasible  induction,  and  of  higher  validity 
than  any  other  truth  whatever.  This  principle,  which  is  at  once 
the  highest  result  of  acientifio  investigation  and  metaphyseal 
analysis,  Mr.  Spencer  has  made  the  basis  of  his  new  and  oompre- 
henave  System  of  Philosophy ;  and  in  the  first  work  of  the  aeries, 
enlatled  "  First  Principles,"  he  has  developed  the  doctrine  in  its 
broadcEt  philosophic  aspects.  The  lucid  reasoning  by  which  he 
reaches  his  conclusions  cannot  be  presented  here ;  a  brief  estraet 
or  two  wUl,  however,  serve  to  indicate  th.e  important  place  assigned 
to  the  law  by  thia  acnte  and  profound  inquirer; 

"  We  might,  indeed,  be  certain,  even  in  the  absence  of  any  such 
analysis  as  the  foregoing,  that  there  mast  exist  some  principle 
wbioh,  as  being  the  basis  of  science,  cannot  he  established  by  sci- 
ence. All  reasoned  out  conclusions  whatever  must  rest  on  some 
postulate.  As  before  shown,  we  cannot  go  on  merging  derivativo 
truths  in  these  wider  and  wider  truths  from  which  they  are  do- 
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:d,  witliout  reaching  at  Inst  a  widest  tnitli  which  can  be  mergrf 

10  other,  or  derived  from  no  other.     And  wlioeyer  oonteniplates 
the  relation  in  wLioh  it  stands  to  the  trnths  of  science  in  general. 
Bee  that  this  truth,  transcending  demonstration,  is  the  Fersist- 
of  force."  *  ■  * 

'  Such,  then,  is  the  foundation  of  nny  poBsiblo  system  of  poai- 
knowledge.  Deeper  than  demonfltration — deeper  even  than 
definite  cognition — deep  as  the  very  nature  of  mind,  is  the  postu- 
late at  which  we  have  arrived.  Its  authority  transcends  nil  others 
whatever ;  for  not  only  is  it  given  in  the  oonstitution  of  our  own 
conaoioDsneas,  hut  it  is  impossible  to  imagine  a  conscionsness  so 
oonatitoted  as  not  to  give  IL  Thought,  involving  mmplj  the  estab- 
lishment of  relations,  may  be  readily  conceived  to  go  on  while  yet 
these  relations  have  not  he«n  organized  into 
space  and  time;  and  so  there  is  a  conceivable  kind  of  c( 
which  does  not  oontnin  the  truths  commonly  called  d  priori,  in- 
volved in  the  organization  of  these  forms  of  relations.  But  thought 
cannot  be  conceived  to  go  on  without  some  element  between  which 
its  relations  maybe  established;  and  an  there  is  no  conceivublo 
kind  of  cousciousnees  which  does  not  imply  continued  esifitence  aa 
Ma  datum.  Consoionsnesa  without  this  or  that  particular  form  is 
possible;  but  consciousness  without  contents  is  impossible. 

"  The  sole  truth  which  transcends  experience  by  underlying  it,  is 
thus  the  Persistence  of  force.  This  being  the  basis  of  experience, 
must  be  the  bnsiB  of  any  scientific  organization  of  eiperiences.  To 
this  an  ultmiate  analysis  brings  us  down;  and  on  this  s  rational 
■ynthesis  must  be  built  up." 

To  the  question.  What  then  is  the  value  of  experimental  inves- 
tigations upon  the  subject,  if  the  truth  sought  cannot  be  estab- 
lished by  inductions  from  them!  Mr.  Spencer  replies:  "Tlieyare 
of  value  aa  disclosing  the  many  particular  implications  which  the 
general  tmth  does  not  specify ;  they  are  of  value  as  teaching  ns  how 
much  of  one  mode  of  force  is  the  equivalent  of  so  much  of  another 
taode ;  they  are  of  value  aa  determining  under  what  conditinna  enclj 
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metamorphoaia  occurs;  and  they  are  of  valne  US  leading  us  to  in- 
quire in  what  shape  the  remnaut  of  force  has  escaped,  wheu  Llio 
appareat  resiilts  are  not  equivalent  to  the  oanae."  And  it  may  be 
added,  that  it  is  to  these  inrestigationa  that  we  are  iudobted  for  tha 
dear  and  compreliensive  establishment  of  the  principle  as  a  law  of 
physical  nature ;  p^cholo^cal  anslysia  hoTiug  only  shown  that  it 
exteuda  much  further  than  it  is  the  busiuess  of  experimental  sciouce 


Thns  the  law  characterized  by  Faraday  as  the  highest  in  pliy»- 
ical  science  whicli  our  fiiculties  permit  us  to  peromve,  has  a  ftr 
mora  extended  away;  it  might  well  have  been  proclaimed  the 
highest  law  of  all  science — the  most  far-roachiug  principle  that 
adventuring  reason  has  discovered  in  the  universe.  Ita  atupendous 
reach  apana  all  orders  of  eidstence.  Not  only  does  it  govern  tha 
movements  of  the  heavenly  bodies,  but  it  presides  over  the  geneaia 
of  the  constellations;  sot  only  does  it  control  those  radiant  floods 
of  power  which  fill  the  eternal  spaces,  bathing,  warming,  illumining 
and  viviiyiug  our  planet,  but  it  rules  the  actions  and  relations  of 
men,  and  regulates  the  march  of  terrestrial  affairs.  Nor  is  its  do- 
minion hmited  to  physical  phenomena ;  it  prevails  equally  in  the 
world  of  mind,  controUing  all  the  faculties  and  procesaea  of  thoaght 
and  feeling,  The  star'Suna  of  the  remoter  galaxies  dart  their  ra- 
diations across  the  universe;  and  although  the  diatanoes  are  so  pro- 
found that  hundreda  of  oentmies  may  have  been  required  to  traverse 
them,  the  impulses  of  force  enter  the  eye,  and  impressing  an  atomio 
ohange  upon  the  nerve,  give  ori^n  to  the  sense  of  sight.  Star 
and  nerve-tissue  are  parts  of  the  same  system — stellar  and  nervous 
forces  are  oorrelated.  Nay  more;  sensation  awakens  thought  and 
kindles  emotion,  so  that  this  wondrous  dynamic  ohnin  binds  into 
living  miity  the  realms  of  matter  and  mind  through  measurelosa 
amplitudes  of  space  and  time. 

And  if  those  high  realitaea  are  hut  faint  and  fitfol  glimpses 
which  science  hua  obtained  in  the  dim  dawn  of  discovery,  what 
must  ha  the  glories  of  the  coming  day!    If  indeed  they  ai'e  but 
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*  pebbles '  gathered  from  tbe  shores  of  the  great  ocean  of  tmth, 
what  are  the  mysteries  still  hidden  in  the  bosom  of  the  mighty  un- 
explored ?  And  how  far  transcending  all  stretch  of  thought  that 
Unknown  and  Infinite  Oanse  of  all  to  which  the  human  spirit  turns 
evermore  in  solenm  and  mysterious  worship  I 

It  remains  only  to  observe,  that  so  immense  a  step  in  the  pro- 
gress of  our  knowledge  of  natural  agencies  as  the  following  pages 
disclose,  cannot  be  without  effect  upon  the  intellectual  culture 
of  the  age.  To  the  adherents  of  that  scholastic  and  verbal  edu- 
cation which  prefers  words  to  things,  and  ancient  to  modem 
thought ;  which  ignores  the  study  of  pature,  and  regards  the  pro- 
gress of  science  with  indifference  or  hostility,  it  matters  little  what 
views  of  the  world  are  entertained,  or  what  changes  these  views 
may  undergo.  But  there  is  another,  and  happily  an  increasing  class, 
who  hold  that  it  is  the  true  destiny  of  mind  to  comprehend  tho 
vast  order  of  existence  in  the  midst  of  which  it  is  placed,  and  that 
the  faculties  of  man-  are  divinely  adapted  to  this  sublime  task ;  who 
see  that  the  laws  of  nature  must  be  understood  before  they  can  bo 
obeyed,  and  that  only  through  this  understanding  can  man  rise  to 
the  mastery  of  its  powers,  and  bring  himself  into  final  harmony 
with  his  conditions.  These  will  recognize  that  the  discovery  of 
new  principles  which  expand,  and  elevate,  and  harmonize  our  views 
of  the  universe — which  involve  the  workings  of  the  mind  itselJ^ 
open  a  new  chapter  in  philosophy,  and  touch  the  very  foundations 
of  knowledge,  cannot  be  without  a  determining  influence  upon  the 
future  course  and  development  of  thoaght,  and  the  spirit  and 
methods  of  its  acquisition. 
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William  Robert  Grove,  an  English  lawyer  and  physicist,  was  born  at 
Swansea,  July  14,  1811.  He  gradnated  at  Oxford  in  1834,  and  during  the 
next  five  years  was  Professor  of  Natural  Philosophy  at  the  London  Insti- 
tution. Professor  Grove  is  a  rare  example  of  the  ability  which  has  achieved 
a  distinguished  eminence  in  different  fields  of  effort.  While  pursuing  with 
marked  success  the  profession  of  an  advocate,  he  has  devoted  his  leisure  to 
original  ^dentific  researches,  and  obtained  a  high  distinction  both  &s  b  di^ 
coverei  and  a  philosophic  writer  upon  scientific  subjects.  In  1862  be  waa 
made  Queen's  Counsel,  and  afterwards  Vice-President  of  the  Royal  Society. 
He  is  the  inventor  of  the  powerful  galvanic  battery  known  by  his  name,  and 
his  chief  researches  have  been  in  the  field  of  electricity.  Many  of  his  ex- 
perimental results  are  referred  to  in  the  following  pages,  which  will  also 
attest  his  high  position  among  the  foundrirs  of  the  new  philosophy  of 
forces. 


PREFACE 


THE  Phrase  *  Correlation  of  Physical  Forces '  in  the  sense  in 
wnich  I  have  used  it,  having  become  recognized  by  a  large 
number  of  scientific  writers,  it  would  produce  confusion  were  I 
now  to  adopt  another  title.  It  would,  perhaps,  have  been  better 
if  I  had  in  the  first  instance  used  the  term  Co-relation,  as  the 
words  *  correlate,'  *  correlative,' had  acquired  a  peculiar  metaphys- 
ical sense  somewhat  differing  from  that  which  I  attached  to  the 
substantive  correlation.  The  passage  in  the  text  (p.  183)  explains 
the  meaning  I  have  given  to  the  term. 

Twenty  years  having  elapsed  since  I  promulgated  the  views 
contained  in  this  Essay,  which  were  first  advanced  in  a  lecture  at 
the  London  Institution  in  January  1842,  and  subsequently  more 
fiilly  developed  in  a  course  of  lectures  in  1843, 1  think  it  advisable 
to  add  a  little  to  the  Preface  with  reference  to  other  labourers  in 
the  same  field. 

It  has  happened  with  this  subject  as  with  many  others,  that 
similar  ideas  have  independently  presented  themselves  to  differ- 
ent minds  about  the  same  period.  In  May  1842  a  paper  was 
published  by  M.  Mayer  which  I  had  not  read  when  my  last  edition 
was  published,  and  indeed  only  now  know  imperfectly  by  the 
eivd-w>ce  translation  of  a  Mend.  It  deduces  very  much  the  same 
conclusions  to  which  I  had  been  led,  the  author  starting  partly 
from  d  priori  reasoning  and  partly  from  an  experiment  by  which 
water  was  heated  by  agitation,  and  from  another,  which  had,  how- 
ever, previously  been  made  by  Davy,  viz.  that  ice  can  be  melted 
by  friction,  though  kept  in  a  medium  which  is  below  the  freezing 
point  of  water. 

In  1843  a  paper  by  Mr.  Joule  on  the  mechanical  equivalent  of 
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heat  appeared,  which,  though  not  in  terms  touching  on  the  mutual 
and  necessary  dependence  of  all  the  Physical  Forces,  yet  beaia 
most  importantly  upon  the  doctrine. 

While  my  third  edition  was  going  through  the  press  I  had 
the  good  fortune  to  make  the  acquaintance  of  M.  Seguin,  who 
informed  me  that  his  uncle,  the  eminent  Montgolfier,  had  long 
entertained  the  idea  that  force  was  indestructible,  though,  witk 
the  exception  of  one  sentence,  in  his  paper  on  the  hydraulic  ram, 
and  where  he  is  apparently  speaking  of  mechanical  force,  he  has 
left  nothing  in  print  on  the  subject.  Not  so,  however,  M.  Seguin 
himself,  who  in  1839,  in  a  work  on  the  ^  Influence  of  Railroads,' 
has  distinctly  expressed  his  nucleus  and  his  own  views  on  the 
identity  of  heat  and  mechanical  force,  and  has  given  a  calculation 
of  their  equivalent  relation,  which  is  not  far  from  the  more  recent 
numerical  results  of  Mayer,  Joule,  and  others. 

Several  of  the  great  mathematicians  of  a  much  earlier  period 
advocated  the  idea  of  what  they  termed  the  Conservation  of  Force, 
but  although  they  considered  that  a  body  in  motion  would  so 
continue  for  ever,  unless  arrested  by  the  impact  of  another  body, 
and,  indeed,  in  the  latter  case,  would,  if  elastic,  still  continue  to 
move  (though  deflected  from  its  course)  with  a  force  proportionr 
ate  to  its  elasticity,  yet  with  inelastic  bodies  the  general,  and,  as 
far  as  I  am  aware,  the  universal  belief  was,  that  the  motion  was 
arrested  and  the  force  annihilated.  Montgolfler  went  a  step  far- 
ther, and  his  hydraulic  ram  was  to  him  a  proof  of  the  truth  of 
his  preconceived  idea,  that  the  shock  or  impact  of  bodies  left  the 
mechanical  force  undestroyed. 

Previously,  however,  to  the  discoveries  of  the  voltaic  battery, 
electro-magnetism,  thermo-electricity,  and  photography,  it  was 
impossible  for  any  mind  to  perceive  what,  in  the  greater  number 
of  cases,  became  of  the  force  which  was  apparently  lost.  The 
phenomena  of  heat,  known  from  the  earliest  times,  would  have 
been  a  mode  of  accounting  for  the  resulting  force  in  many  cases 
where  motion  was  arrested,  and  we  find  Bacon  announcing  a 
theory  that  motion  was  the  form,  as  he  quaintly  termed  it,  of 
heat.  Rumford  and  Davy  adopted  this  view,  the  former  with  a 
fair  approximate  attempt  at  numerical  calculation,  but  no  one  of 
these  philosophers  seems  to  have  connected  it  with  the  inde« 
itructibility  of  force.    A  passage  in  the  writings  of  Dr.  Roget^ 
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combating  the  theory  that  mere  contact  of  disaii  liliir  bodies  was 
the  source  of  voltaic  electricity,  philosophically  supports  his  argu 
ment  by  the  idea  of  non-creation  of  force. 

As  I  have  introduced  into  the  later  editions  of  my  Essay  ab- 
stracts of  the  different  discoveries  which  I  have  found,  since  my 
first  lectures,  to  bear  upon  the  subject,  I  have  been  regarded  by 
many  rather  as  the  historian  of  the  progress  made  in  this  branch 
of  thought  than  as  one  who  has  had  anything  to  do  with  its  ini- 
tiation. Everyone  is  but  a  poor  judge  where  he  is  himself  inter- 
ested, and  I  therefore  write  with  diffidence,  but  it  would  be  affect- 
ing an  indifference  which  I  do  not  feel  if  I  did  not  state  that  I 
believe  myself  to  have  been  the  first  who  introduced  this  subject 
as  a  generalised  system  of  philosophy,  and  continued  to  enforce 
it  in  my  lectures  and  writings  for  many  years,  during  which  it 
met  with  the  opposition  usual  and  proper  to  novel  ideas. 

Avocations  necessary  to  the  well-being  of  others  have  prevent- 
ed my  following  it  up  experimentally,  to  the  extent  that  I  once 
hoped ;  but  I  trust  and  believe  that  this  Essay,  imperfect  though 
it  be,  has  helped  materially  to  impress  on  that  portion  of  the 
public  which  devotes  its  attention  rather  to  the  philosophy  of 
science  than  to  what  is  now  termed  science,  the  truth  of  the  thesis 
advocated. 

To  show  that  the  work  of  to-day  is  not  substantially  different 
from  the  thoughts  I  first  published  on  the  subject,  at  a  period 
when  I  knew  little  or  nothing  of  what  had  been  thought  before, 
I  venture  to  give  a  few  extracts  from  the  printed  copy  of  my 
lecture  of  1842  :— 

Physical  Science  treats  of  Matter,  and  what  I  shall  to-night  term  its 
Affections ;  namely.  Attraction,  Motion,  Heat,  Light,  Electricity,  Magnet- 
ism, Chemical-Aflfinity.  When  these  re-act  upon  matter,  they  constitute 
Forces.  The  present  tendency  of  theory  seems  to  lead  to  the  opinion  that 
all  these  Affections  are  resolvable  into  one,  namely.  Motion;  however, 
should  the  theories  on  these  subjects  be  ultimately  so  effectually  gener- 
alised as  to  become  laws,  they  caonot  avoid  the  necessity  for  retaining  dif- 
ferent names  for  these  different  Affections ;  or,  as  they  would  then  be  called, 
different  modes  of  Motion.    .... 

(Ersted  proved  that  Electricity  and  Magnetism  are  two  forces  which  act 
upon  each  other ;  not  in  straight  Unes,  as  all  other  known  forces  do,  but  in 
a  rectangular  (&rection :  that  is,  that  bodies  invested  with  electricity,  or  the 
conduits  of  an  electrio-current,  tend  to  place  magnets  at  right  angles  to 
them ;  and,  conversely,  that  magnets  tend  to  place  bodies  conducting  eleo> 
iricity  at  right  angles  to  them.    .... 
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The  iliacoTBij  of  (Ersted,  by  wWcli  eleetricitj  hub  made  a  EOiirte  of 
MBgneligm,  soon  lihd  philosophcrB  to  acck  thu  convcrsu  effect;  that  is,  to 
educe  Eleotricity  from  a,  pennaniinC  magnet : — b&d  these  cipcrimentaliEU 
Biiocceded  in  thUr  eipectat!ons  of  making  a  atotJonacj  magnet  a  source  of 
dcctric-DUFrents,  the;  would  bare  realised  the  ancient  drenroa  of  perpetual 
notion,  they  would  have  converted  sialics  into  djniunics,  thcj  would  hare 
<  produced  power  without  Gipcnditure  ;  in  other  words,  the;  would  have  he- 
come  creulora.  They  failed,  and  Faraday  saw  their  error;  he  proved  thait 
to  obtain  Electricity  froro  Mognetiani  it  was  necEEBory  to  superadd  W  Uiil 
latter,  motion ;  that  magnets  while  in  motion  induoed  electricity  in  ctm- 
tiguous  eonduotors ;  and  that  the  direotioD  of  such  electric^arrenta  wu 
tanj^ential  M  the  polar  direction  of  the  magnet ;  that  as  Dynamic-eliMtrioi^ 
may  be  made  the  source  of  Ungnetism  and  Uuiion,  bo  Magnetism  Donjdned 
with  Motion  may  be  made  the  eouroe  of  Electricity.  Here  originatea  fba 
Science  of  Uagneto-ultctrieity,  the  true  converse  of  Elcctro-magnetlHm ; 
and  thus  between  Eloulricity  and  M agnedam  is  shown  to  exist  a  reciprodly 
of  force  Buch  that,  considering  either  aa  the  primarj  agent,  the  Other  be- 
oonies  the  ro-ugvut ;  viewing  one  in  the  relatioo  of  cause,  the  other  ia  the 

The  Science  of  Thermo-Electricity  connected  beat  with  eleetricitj,  end 
fnvved  those,  like  all  other  natural  forces,  to  be  capable  of  mutual  reao- 

Voltaic  action  is  Chemical  action  taking  place  at  a  distance  or  truu- 
ferred  through  a  chain  of  media;  and  the  Diilloman  equivalent  nmnbera 
~  'e  the  exponents  of  the  amount  of  voltaic  action  for  cOFreapoadiiig  ctiacoi- 


ool  snbslauces. 

By  regarding  the  quantity  of  electrical,  as  dircotly  proportional  to  tha 
efficient  chemi(»l  action,  and  by  cxperinienlally  tracing  this  principle,  I 
hare  been  fortunate  enough  (o  increase  the  power  of  the  ToIt(dc-pi!e   ■ 
more  than  sixteen  Umes,  aa  compared  with  any  combination  prerioosl; 
known.     -    .    ,    . 

I  am  strongly  disposed  to  consider  that  the  facts  of  CataljEis  dq>end 

Dpon  voltaic  action,  to  generate  which  three  heCerof^eneous  subalanoeB  are 

always  necessary.   Induced  by  thia  belief  I  made  some  espcrimcnts  oa  the 

j    Bubjeot,  and  succeeded  in  forming  a  voltaic  combination  by  gaaeons-oxygen, 

gaseous-hydrogen,  and  platinum ;  by  which  a  galvanometer  was  deflected 

'    and  water  decomposed 

It  appears  to  me  that  heat  and  light  may  be  considered  as  afiectionB  i 
or,  according  to  the  Dmlulatorj-theorj,  vibrationa  of  matter  itself;  and  not 
of  a  distinct  elherial  fluid  permeaSng  it :  these  vibrations  would  be  prop- 
agated, just  as  Bouod  IB  propagated  by  vibrations  of  wood  or  as  waves  b; 
water.  To  my  mind,  all  the  consequcncva  of  the  Undulatory-theory  flow 
as  cadly  from  this,  m  from  the  hyputhiscis  of  a  specific  ether;  to  Hupposa 
which,  uatnely,  to  suppose  a  fluid  sui  gmicria,  imd  of  fixtreme  tenuity  pene- 
trating BoUd  bodies,  we  must  assunie,  lii-st,  (lie  cxislfnce  of  the  fluid  itself; 
Beeondly,  that  liodiea  are  without  exception  porous ;  thirdly,  that  these 
pores  communicate;  fourthly,  thnt  mntlcr  is  limited  in  expansibility. 
None  of  these  diiliculties  apply  to  the  modiGcation  of  this  theory  which  I 
venture  to  propose ;  and  no  other  difficulty  appUes  to  it  which  does  not 
equally  apply  to  the  received  hypothesis.  With  regard  to  the  plonetai; 
■paces,  the  diminisliing  periods  of  comets  is  a  strong  argument  for  the  ex- 
'  an  uuiversally-diS^ised  matter ;  this  has  :he  function  of  resist- 


.0,  and  there  apponrB  ki  be  no  ren^oa  to  divest  it  of  llii?  runctliin*  conti 
fa  to  all  matler,  or  euperfiuiiilly  to  appropriutc  it  to  Dortuin  afl'ucliunii. 
Again,  tbe  plienomena  of  tianspurcncj  mill  opadt}'  arc,  (u  my  tiiioci,  mcirt 
eauty  explicable  bylhe  former  tliim  by  ihc  lutier  thcor]';  us  rcanlliog  ihim 
a  diS^rence  io  the  molcculur  armngenient  of  tlic  mutter  nlTcctcd.  In  ro> 
^rd  to  the  effects  of  doublo-refraction  and  pQlBrisntlon,  ilio  rool.xmiar 
^Tfa  at  once  a  rnaaoa  for  the  eSeota  upon  the  one  theory,  nlille  upon  tlio 
other  we  must,  In  addition  to  previous  aaaumptionE,  further  (wsunio  ■  clif-  _ 
ferent  elnstidty  of  tbe  ether  to  different  directionB  witbin  the  clnuhly- ' 
refracting  medium.  The  eame  theory  ia  applicable  to  £lec1rieity  and 
Magnetism ;  niy  onu  experimental  on  the  infiuenco  of  the  elastic  hit«n»eiliuiii 
on  the  Toltaic-arc,  and  those  of  Faraday  on  electrical  Induction,  niriiUli 
Btrong  ailments  in  support  of  it.  Uy  InctbiHtian  would  lead  me  to  do- 
tain  yon  on  this  subject  much  laugec  than  my  Jodgment  decni«  adviulilo  i 
I  Hierefore  content  myself  with  oSering  it  Wi  your  consideration,  and, 
ahoold  my  aviJcaUoos  permit,  I  may  at  a  future  period  more  fully  duvoloiHi 
it.    ...    . 

Lif-bt,  Heat,  Electricity,  Hagnelism,  Motion,  and  Chenilcal-iiniulty,  are 
all  convertible  material  affections;  assuming  either  as  Ibu  caune,  one  of 
tbe  others  will  bo  the  eObct :  ibus  heat  may  be  said  to  produce  eluctriulty, 
electricity  to  produce  heat;  magnetism  to  produce  electricity,  olcutriclly 
mngnetism ;  and  su  of  the  rest  Cause  and  effect,  thisreforc.  In  tlielr  ab. 
Blraot  rehitiou  to  these  forces,  are  words  lolcly  of  oonveulenucT  wo  uro 
totally  unaeiiuainted  witb  the  ultimate  generating  power  of  each  jmd  all 
of  them,  and  probably  shall  ever  remain  so ;  we  con  only  ascertain  tha 
nomuE  of  liieir  action :  we  must  humbly  refer  tbcir  causation  to  one  omni- 
present influence,  and  content  ourselves  with  studying  tlieir  ulTuctii  and 
deTelo|di]g  by  experiment  tbdc  mutual  relations. 

I  have  trauBpoaed  tbe  passages  relating  to  TOltuc  itciticiti  and 
cataljsis,  but  I  have  not  added  a.  word  to  the  above  quotation, 
&nd,  as  far  as  I  am  now  aware,  the  theory  that  the  »i>.cnl1o<l  Jm- 
ponderablea  are  affectioDS  of  ordiniiry  matter,  that  they  nre  rc- 
aolvable  into  motion,  that  they  are  to  be  regarded  in  lliuir  action 
on  matter  as  forces,  and  not  aa  specific  eniatiea,  and  that  tlicy  are 
capable  of  mutual  reaction,  theory  alternately  acting  as  cauite  und 
effect,  had  not  at  that  time  been  jiublicly  advanced. 

Hy  original  t^ssays  being  a  record  of  lectures,  and  being  [(uli- 
lished  by  the  managers  of  the  Institution,  I  necessarily  adhered 
to  thg  form  and  matter  which  I  had  orally  commusicated.  In 
preparing  Bubsequcnt  editiona  I  found  that,  without  destroying 
the  identity  of  the  work,  I  could  not  alter  the  style ;  although  it 
would  have  been  less  difficult  and  more  satisfactory  to  me  to  liave 
done  so,  the  work. would  not  have  been  a  republication;  and  I 
WHS  for  obvious  reasons  anxious  to  preserve  as  far  as  I  could  tha 
original  text,  which,  though  added  to,  is  but  little  altered.* 

3'he  form  of  lectiu-es  has  necessarily  continQcd  the  use  of  th» 
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first  person,  and  I  wo  aid  beg  my  readers  not  to  attribute  to  me^ 
from  the  modes  of  expression  used,  a  dogmatism  which  is  far  from 
my  thought.  If  my  opinions  are  expressed  broadly,  it  is  that,  if 
opinions  are  always  hedged  in  by  qualifications,  the  style  becomes 
embarrassed  and  the  meaning  frequently  unintelligible. 

As  a  course  of  lectures  can  only  be  useM  by  inducing  the 
auditor  to  consult  works  on  the  subject  he  hears  treated,  so  the 
object  of  this  Essay  is  more  to  induce  a  particular  train  of  thought 
on  the  known  facts  of  physical  science  than  to  enter  with  minute 
criticisms  into  each  separate  branch. 

In  one  or  two  of  the  reviews  of  previous  editions  the  general 
idea  of  the  work  was  objected  to.  I  believe,  howler,  that  will 
not  now  be  the  case ;  the  mathematical  labours  of  Mr.  Thompson, 
Clausius,  and  others,  though  not  suitable  for  insertion  in  an 
Essay  such  as  this,  have  awakened  an  interest  for  many  portions 
of  the  subject,  which  promises  much  for  its  future  progress. 

The  short  and  irregular  intervals  which  my  profession  permits 
me  to  devote  to  science  so  prevent  the  continuity  of  attention 
necessary  for  the  proper  evolution  of  a  train  of  thought,  that  I 
certainly  should  not  now  have  courage  to  publish  for  the  first 
time  such  an  Essay ;  and  it  is  only  the  favour  it  has  received 
from  those  whose  opinions  I  highly  value,  and  the,  I  trust  pardon- 
able, wish  not  to  let  some  favourite  thoughts  of  my  youth  lose  all 
connection  with  my  name,  that  have  induced  me  to  reprint  it. 

My  scientific  readers  will,  I  hope,  excuse  the  very  short  notices 
of  certain  branches  of  science  which  are  introduced,  as  without 
them  the  work  would  be  unintelligible  to  many  for  whom  it  is 
intended.  I  have  endeavoured  so  to  arrange  my  matter  that  each 
division  should  form  an  introduction  to  those  which  follow,  and 
to  assume  no  more  preliminary  knowledge  to  be  possessed  by  my 
readers  than  would  be  expected  from  persons  acquainted  with  the 
elements  of  physical  science. 

The  notes  contain  references  to  the  original  memoirs  in  vhicli 
the  branches  of  science  alluded  to  are  to  be  found,  as  well  as  to 
those  which  bear  on  the  main  arguments ;  where  these  memoirs 
are  numerous,  or  not  easy  of  access,  I  have  referred  to  treatises  in 
which  they  are  collated.  To  prevent  the  reader's  attention  being 
interrupted,  I  have  in  the  notes  referred  to  the  pages  of  the  text, 
Instead  of  to  interpolated  letters. 
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SEN  natnral  phenomeiLa  are  for  tins  firs  n  at  ob- 


serfed,  a  teadener  mmiediatelj  devek^pes  itself  to 
Tefer  them  to  something  prerioaslj'  kzu>wa — to  brisg  tiwm 
within  the  range  of  acknowledged  seqaences.  The  motle  of 
r^arding  new  facts,  which  is  most  J^Tonrabbr  received  bj 
the  public,  is  that  which  refers  them  to  recognised  riews-^ 
stan^M  them  into  the  monld  in  which  the  mind  has  been  al- 
ready shaped.  The  new  fact  ma j  be  fiu*  removed  firom  those 
to  which  it  is  referred,  and  may  belong  to  a  different  order 
of  analogies,  but  this  cannot  then  be  known,  as  its  co-ordi- 
nates are  wanting.  It  maybe  questionable  whether  the 
mind  is  not  so  moulded  by  past  events  that  it  is  impossible 
to  advance  an  entirely  new  view,  but  admitting  such  possi- 
bility, the  new  view,  necessarily  founded  on  insufficient  data, 
18  likely  to  be  more  -incorrect  and  prejudicial  than  even  a 
strained  attempt  to  reconcile  the  new  discovery  with  known 
facts. 

The  theory  consequent  upon  new  facts,  whether  it  be  a 
eo-ordination  of  them  with  known  ones,  or  the  more  dililcuU 


and  daDgeroQs  attempt  at  remodeUing  the  pnbllc  i 

generally  ennocialed  bj  the    discoverers  themselves  of  iba 

iacts,  or  by  those  to  wifose  authority  the  world  at  the  perioil 

of  the  discovery  defers ;  others  are  not  bold  enough,  or  if 

I  ihey  be  so,  are  unheeded.     The  earliest  theories  thus  emmcia^ 

I  ted  obtuin  the  firmest  hold  upon  the  public  blind,  for  at  such. 

a  timd  there  b  no  power  of  tegtiug,  by  a  sufficient  range  of 

experience,  the  truth  of  the  theory ;  it  is  accepted  solely  or 

mainly  upon  authority :  there  being  no  means  of  cootradii>- 

tion,  its  reception  is,  in  the  first  instance,  attended  with  some 

degree  of  doubt,  but  as  the  time  in  which  it  can  fairly  be  in- 

reatigated  far  exceeds  that  of  any  Uvea  then  in  being,  and  aa 

neither  the  individual  nor  the  public  mind  will  long  tolerate 

^  a   state    of  abeyance,   a  theory  shortly  becomes,  for  want 

I  of  a  better,  admitted  as  an  established  troth :  it  ia  handed 

I  from  father  to  son,  and  gradually  takes  its  place  in  eda- 

I  cation.       Succeeding    generatiooa,    whose    minds   are    thus 

I  formed  to  an  established  view,  are  much  less  likely  to  abttiv> 

I  don  it.     They  have  adopted  it  in  the  first  instance,  upon  ai> 

I  thority,  to  them  unquestionable,  and  subsequently  to  yield  up 

t  their  faith  would  involve  a  laborious  remodelling  of  ideas,  a 

I  (ask  which  the  public  as  a  body  will  and  can  rarely  undor- 

t  take,  the  frequent  occurrence  of  which  is  indeed  inconsistent 

I  with  the  very  exJalenee  of  man  in  a  social  state,  as  it  would 

I  induce  an  anarchy  of  thought — a  perpctuily  of  mental  revo- 

f  lotions. 

I  This  necessity  has  its  good ;  but  the  prejudicial  effeot 
I  npuu  the  advance  of  science  is,  that  by  this  means,  theories  the 
W  most  immature  frequently  become  the  most  permanent ;  for 
■  so  theory  can  be  more  immature,  none  is  likely  to  be  bo  in- 
■■ijorrect,  as  that  which  is  formed  at  tfie  tirst  flush  of  a  new 
Hflincnvcry ;  and  though  time  exalfs  tho  authority  of  thoae 
■from  wliora  it  emanated,  time  can  never  give  to  tiie  illustri- 
VoiiK  dead  the  means  of  analysing  and  correcting  eironeoui 
Khon  M  which  subsequent  discoveries  confer. 
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ikc  for  instance  th»s  Ptolemaic  System,  ivUich  we  may 
BlmoEt  lit«rttUy  explain  hy  the  expreesion  of  Sbakspeaxe : 
*  He  that  is  giddy  thinks  the  world  turns  round.'  We  now 
eec  the  error  of  this  eystem,  tiecanse  we  have  all  an  immedi- 
ate  opportunity  of  refuting  it ;  but  thie  identical  error  waa 
received  as  a  truth  for  centnriee,  because,  when  first  promul- 
gated, the  means  of  refuting  it  were  not  at  hand,  and  when 
the  means  of  its  refutation  became  attainable,  mankind  bad 
beeu  80  educated  to  the  supposed  truth,  that  they  rejected  the 
proof  of  its  fallacy. 

I  have  promised  the  above  for  two  reasons :  first  to  obtain 
A  fair  hearing,  by  requesting  as  far  as  possible  a  dismissal 
from  the  mind  of  my  readers  of  preconceived  views  by  and  in 
fevour  of  which  all  are  liable  to  be  prejudiced ;  and  secondly, 
to  defend  myself  from  the  charge  of  undervaluing  authority, 
or  treating  lightly  the  opinions  of  those  to  whom  and  to 
whose  memory  mankind  looks  with  reverence.  Properly  to 
value  authority,  we  should  estimate  it  together  with  its  means 
of  information ;  if '  a  dwarf  on  the  shoulders  of  a  giant  can 
see  further  than  the  giant,'  be  is  no  less  a  dwarf  in  compari- 
son with  the  giant. 

The  gabject  on  which  X  am  about  to  treat — viz.,  the  rela- 
tion of  the  afiections  of  matter  to  each  other  and  to  matter — 
peculiarly  demands  an  unprejudiced  regard.  The  different 
aspects  under  which  these  agencies  have  been  contemplated ; 
the  different  views  which  have  been  taken  of  matter  itself; 
the  metaphysical  subtleties  to  which  these  views  unavoidably 
lead,  if  pursued  beyond  fair  inductions  from  esisting  expe« 
rienee,  present  ditEculties  almost  insurmountable. 

The  eJctent  of  claim  which  my  views  on  this  subject  may 
have  to  origiaali^  has  been  stated  in  the  Preface  ;  they  be- 
came strongly"  impressed  upon  my  mind  at  a  period  when  I 
was  much  engaged  in  experimental  research,  and  were,  as  I 
flien  believed,  and  still  believe,  regarding  them  as  a  system, 

IT!  expressions  in  the  works  of  different  authors,  bearing 
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leas  on  the  Bubject,  have  aiihacquently  been  pu!iit« 

□G,  Home  of  which  go  back  to  a  distant  period.     An 

P attempt  to  analyse  these  in,  detail,  and  to  trace  how  far  I 

have  been  anticipated  by  others,  would  probably  hut  littla 

interest  the  reader,  and  in  the  course  of  it  I  should  constantly 

havo  to  make  distinctions  showing  wherein  I  differed,  and 

wherein  I  agreed  with  others.    I  might  cile  authorities  which 

appear  to  me  to  oppose,  and  otliers  which  appear  to  coincide 

with  certain  of  the  views  I  Lave  put  forth  ;  hut  this  would 

I   interrupt  the  oonfleeutive  developement  of  my  own  ideas,  and 

Pimigbt  render  mo  liable  to  the  charge  of  miaeonstruing  thoao  of 

f  ptiiera  ;  I  therefore  think  it  better  to  avoid  such  discussion  in 

>  Qia  text ;  and  in  addition  to  the  sketch  given  in  the  Preface^ 

to  furnish  in  the  notes  at  the  conclusion  such    references 

to  different  authors  as  bear  upon  the  subjects   treated    of, 

Trhich  1  have  discovered,  or  which  have  been  pointed  out  to 

Lme  since  the  delivery  of  the  lectures  of  which  this  essay 

a  record. 

Tho  more  extended  our  research  becomes,  the  more  we 
Ind  that  koowledge  is  a  thing  of  alow  progression,  that  tho 
ffvery  notions  which  appear  to  ourselves  new,  have  aiisen, 
■though  perhaps  in  a  very  indirect  manner,  trom  successive 
r modifications  of  traditional  opinions.     Each  word  wo  utter, 
Veach  thought  we  think,  has  in  it  the  vestiges,  is  in  itaelf  tlie 
mpresB,  of  antecedent  words  and  thoughts.     As  each  ma- 
terial form,  could  we  rightly  read  it,  is  a  book,  containing  in 
itself  the  past  history  of  the  world ;  so,  different  though  our 
philosophy  may  now  appear  to  be  from  that  of  our  progeni- 
s  but  theirs  added  to  or  subtracted  from,  transmitted 
p  by  drop  through  the  filter  of  antecedent,  as  ours  will  be 
lugh  that  of  Bubaequent,  ages. — ^The  rehe  is  to  the  past  aa 
6  germ  to  the  future. 
Though  many  valuable  facta,  and  correct  deductions  from 
Lcm.,  are  to  be  found  scattered  amongst  the   voluminooa 
orka  of  the  ancient  pliilosophers ;    yet,  fpving   them  tho 
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credit  wliich  tliey  pre-eminently  deserve  for  having  devoted 
their  lives  to  purely  intellectual  pursuits,  and  for  having 
thought,  seldom  frivolously,  often  profoundly,  nothing  can  be 
more  difl&cult  than  to  seize  and  apprehend  the  ideas  of  those 
who  reasoned  from  abstraction  to  abstraction — ^who,  although, 
as  we  now  believe,  they  must  have  depended  upon  observa- 
tion for  their  first  inductions,  afterwards  raised  upon  them 
such  a  complex  superstructure  of  syllogistic  deductions,  that, 

•  without  following  the  same  paths,  and  tracing  the  same  sinu- 
osities which  led  them  to  their  conclusions,  such  conclusions 
are  to  us  unintelligible.  To  think  as  another  thought,  we 
must  be  placed  in  the  same  situation  as  he  was  placed :  the 

^  errors  of  commentators  generally  arise  from  their  reasoning 
upon  the  arguments  of  their  text,  either  in  blind  obedience  to 
its  dicta,  without  considering  the  circumstances  under  which 
they  were  uttered,  or  in  viewing  the  images  presented  to  the 
original  writer  from  a  different  point  to  that  from  which  he 
viewed  them.  Experimental  philosophy  keeps  in  check  the 
errors  both  of  d  priori  reasoning  and  of  commentators,  and, 
at  all  events,  prevents  their  becoming  cumulative ;  though 
the  theories  or  explanations  of  a  fact  be  different,  the  fact 
remains  the  same.  It  is,  moreover,  itself  the  exponent  of  its 
discoverer's  thought :  the  observation  of  known  phenomena 
has  led  him  to  elicit  from  nature  the  Dew  phenomena :  and, 
though  he  may  be  wrong  in  his  deductions  from  this  after  its 
discovery,  the  reasonings  which  conducted  him  to  it  are  them 
selves  valuable,  and,  having  led  from  known  to  unknown 
truths,  can  seldom  be  uninstructive. 

Very  different  views  existed  amongst  the  ancients  as  to  the 
aims  to  be  pursued  by  physical  investigation,  and  as  to  the  objects 
likely  to  be  attained  by  it.  I  do  not  here  mean  the  moral  ob- 
jects, such  as  the  attainment  of  the  summum  honum^  &c. 
—but  the  acquisitions  in  knowledge  which  such  investiga- 
tions were  likely  to  confer.  Utility  was  one  object  in  view, 
tfnd  this  was  to  some  extent  attained  by  the  progress  made  in 
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■BBtroii.omy  and  meclianics ;  Archimedea,  for  mstance,  seems 
to  have  constantly  Iiad  this  end  in  view  ;  but,  while  pursuing 
natural  knowledge  for  the  sake  of  knowledge  aad  the  power 
whith  ithringa  with  it,  the^reater  number  seemed  to  enter- 
tain an  expectation  of  arriving  at  some  ultimate  goal,  some 
point  of  knowledge,  which  would  give  them  a  mastery  over 
the  mysteries  of  nature,  and  would  enable  thena  to  ascertain 
jwhat  was  the  most  intimate  structure  of  matter,  and  the 
!S  of  the  changes  it  exhibits.  Where  they  could  not  dia- 
■,  they  speculated.  Leucippus,  Democritus,  aad  others, 
,ve  given  us  their  notions  of  the  ultimate  atoms  of  which 
formed,  and  of  the  modvs  agendi  of  nature  in  the 
'vari6u8  transformations  which  matter  u 

The  expectation  of  arriving  at  ultimate  I'l 

continued  long  after  the  speculations  of  the  ancients  had  been 

abandoned,  and  continues  even  to  the  present  day  to  be  a  very 

genera]  notion  of  the  objects  lo  be  ultimately  attained  by 

physical  science.     Francis  Bacon,  the   great  remodoller  of 

science,  entertained  this  notion,  and  thought  that,  by  e^jeri- 

imentaUy  testing  natural  phenomena,  we  should  be  enabled  to 

them  to  certain  primary  essences  or  causes  whence  the 

us  phenomena  Sow.      These  he  speaks  of   under  the 

iholastic  name  of  '  forms  ' — a  term  derived  from  the  ancient 

ilosophy,  but  diflerently  applied.     He  appears  to  have  un- 

irsfood  by  '  form '  the  essence  of  quality — that  in  which,  ab- 

■acting  everything  extraneous,  a  given  quality  consists,  or 

it  which,  superinduced  on  any  body,  would  give  it  ite  pfr 

quality:    thus  the    form  of    transparency,   is  that 

rhich  constitutes  transparency,  or  that  by  which,  when  dis- 

'ered,  transparency   could  be  produced  or  superinduced. 

take  a   specific  example  of  what  I  may  term  the  syn- 

letic  application  of  his  philosophy : — '  Jn  gold  there  meet 

ither  yellowueas,  gravity,  malleability,  tixednesa  in  the  fire, 

determinate  way  of  solution,  which  arc  the  simple  nattu'ea 

for  he  who  nnderstands  form,  and  the  nmnner  of 
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Buperinducing  this  yellowness,  gravity,  ductility,  fixedness^ 
faculty  of  fusion,  solution,  &c.,  with  their  particular  degrees 
and  proportions,  will  consider  how  to  join  them  together  in 
some  body,  so  that  a  transmutation  into  gold  shall  follow.' 

On  the  other  hand,  the  analytic  method,  or,  '  the  enquiry 
from  what  origin  gold  or  any  other  metal  or  stone  is  generated 
from  its  first  fluid  matter  or  rudiments,  up  to  a  perfect  min- 
eral,' is  to  be  perceived  by  what  Bacon  calls  the  latent  pro* 
cess,  or  a  search  for  '  what  in  every  generation  or  transfor- 
mation of  bodies,  flies  off,  what  remains  behind,  what  is  add- 
ed, what  separated,  &c. ;  also,  in  other  alterations  and  mo- 
tions, what  gives  motion,  what  governs  it,  and  the  like.' 
Bacon  appears  to  have  thought  that  qualities  separate  from 
the  substances  themselves  were  attainable,  and  if  not  capable 
of  physical  isolation,  were  at  all  events  capable  of  physical 
transference  and  superinduction. 

Subsequently  to  Bacon  a  belief  has  generally  existed,  and 
now  to  a  great  extent  exists,  in  what  are  called  secondary 
causes,  or  consequential  steps,  wherein  one  phenomenon  is 
supposed  necessarily  to  hang  on  another,  until  at  last  we  ar- 
rive at  an  essential  cause,  subject  immediately  to  the  First 
Cause.  This  notion  is  generally  prevalent  both  on  the  Con- 
tinent and  in  this  country :  nothing  is  more  familiar  than  the 
expression  '  study  the  effects  in  order  to  arrive  at  the  causes.' 

Instead  of  regarding  the  proper  object  of  physical  science 
as  a  search  after  essential  causes,  I  believe  it  ought  to  be,  and 
must  be,  a  search  after  facts  and  relations — ^that  although  the 
word  Cause  may  be  used  in  a  secondary  and  concrete  sense, 
as  meaning  antecedent  forces,  yet  in  an  abstract  sense  it  is  to- 
tally inapplicable ;  we  cannot  predicate  of  any  physical  agency 
(hat  it  is  abstractedly  the  cause  of  another ;  and  if,  for  the  sake 
of  convenience,  the  language  of  secondary  causation  be  per- 
missible, it  should  be  only  with  reference  to  the  special  phe- 
nomena referred  to,  as  it  can  never  be  generalised. 

The  misuse,  or  rather  varied  use,  of  the  term  Cause,  has 
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;  of  great  confusion  in  physical  theories,  and 
arc  even  now  Lj  no  means  agreed  as  to  theii 
conception  of  causation.     The  most  generally  received  Tiew 
of  causation,  that  of  Hume,  refers  it  to  invariable  antecedence 
' — i.  e,,  we  call  that  a  canse  which  invariably  precedes,  that 
aa  effect  which  invariably  ancceeda.     Many  instances  of  i 
variable  sequence  might  however  be  selected,  which  do  uot 
present  the  relation  of  cause  and  efl'cct ;  tliua  as  Reed  observes, 
Btid  Brown  doea  not  satisfaet^irily  answer,  day  invariably 
precedes  night  and  yet  day  is  not  the  cause  of  night.     Theseod, 
again,  precedes  the  plant,  but  is  not  the  cause  of  it ;  so  that  when 
we  study  physical  phenomena  it  becomes  difficult  to  separate  the 
idea  of  causation  irom  that  of  force,  and  these  have  been  regarded 
asidenticalbysoroe philosophers.     To  take  an  example  which 
wiUcontrastthesetwoviews:  if  afloodgate be  raised,  the  water 
flows  out ;   in  ordinary  parlance,  the  water  is  said  to  flow  6«- 
cause  the  floodgate  is  raised  :  the  sequence  is  invariable ;  i 
floodgate,  properly  so  called,  can  be  raised  without  the  water 
flowing  out,  and  yet  in  another,  and  perhaps  more  strict,  sense, 
it  is  the  gravitation  of  the  water  which  causes  it  to  flow.    Bnt 
though  we  may  truly  say  that,  in  this  instance,  gravitatioi 
causes  the  water  to  flow,  we  cannot  in  truth  abstract  the  pro- 
position, and  say,  generaUy,  that  gravitation  Is  the  caose  of 
water  flowing,  an  water  may  flow  fi^im  other  causes,  gaseotis 
elasticity,  for  instance,  which  will  cause  water  to  flow  from  a 
receiver  full  of  air  into  one  that  is  exhausted;  gravitation  may 
also,  under  certain  circumstances,  arrest  instead  of  cause  tha 
I    flow  of  water. 
I         Upon  neither  view,  however,  can  we  get  at  anything  like 
I  abstract  causation.     If  we  regard  causation  as  invariable  Bi 
i  quence,  we  can  And  no  case  in  which  a  given  antecedent  is 
i  the  only  antecedent  to  a  given  sequent ;  thus  if  water  could 
I   flow  irora  no  other  cause  than  the  withdrawal  of  a  floodgate, 
we  might  say  abstractedly  that  this  was  the  cause  of  water 
I  Bowing,     If,  again,  adopting  the  view  which  looks  to  oai 
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don  as  a  force,  we  could  say  that  water  could  be  caused  to 
flow  only  by  gravitation,  we  might  say  abstractedly  that  grav- 
itation was  the  cause  of  water  flowing — ^but  this  we  cannot 
say ;  and  if  we  seek  and  examine  any  other  example,  we 
eh&il  find  that  causation  is  only  predicable  of  it  in  the  partic- 
ular case,  and  cannot  be  supported  as  an  abstract  proposition ; 
yet  this  is  constantly  attempted.  Nevertheless,  in  each  par^ 
ticular  case  where  we  speak  of  Cause,  we  habitually  refer  to 
some  antecedent  power  or  force :  we  never  see  motion  or  any 
change  in  matter  take  effect  without  regarding  it  as  produced 
by  some  previous  change  ;  and  when  we  cannot  trace  it  to  its 
antecedent,  we  mentally  refer  it  to  one  ;  but  whether  this  hab- 
it be  philosophically  correct  is  by  no  means  clear.  In  other 
words,  it  seems  questionable,  not  only  whether  cause  and  ef- 
fect are  convertible  terms  with  antecedence  and  sequence,  but 
whether  in  fj|ct  cause  does  precede  effect,  whether  force  does 
precede  the  change  in  matter  of  which  it  is  said  to  be  the 
cause. 

The  actual  priority  of  cause  to  effect  has  been  doubted, 
and  their  simultaneity  argued  with  much  ability.  As  an  in- 
stance of  this  argument  it  may  be  said,  the  attraction  which 
causes  iron  to  approach  the  magnet  is  simultaneous  with  and 
ever  accompanies  the  movement  of  the  iron  ;  the  movement 
is  evidence  of  the  co-existing  cause  or  force,  but  there  is  no 
evidence  of  any  interval  in  time  between  the  one  and  the  oth- 
er. On  this  view  time  would  cease  to  be  a  necessary  element 
in  causation ;  the  idea  of  cause,  except  perhaps  as  referred  to 
a  primeval  creation,  would  cease  to  exist ;  and  the  same  ar- 
guments which  apply  to  the  sfinultaneity  of  cause  with  effect 
would  apply  to  the  simultaneity  of  Force  with  Motion.  We 
could  not,  however,  even  if  we  adopted  this  view,  dispense 
with  the  element  of  time  in  the  sequence  of  phenomena ;  the 
effect  being  thus  regarded  as  ever  accompanied  simultaneous- 
ly by  its  appropriate  cause,  we  should  still  refer  it  to  some  an- 
tecedent effect ;  and  our  reasoning  as  applied  to  the  succes- 
sive production  of  all  natural  changes  would  be  the  same^*  • 
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Habit  and  the  identification  of  thoughts  with  pheuomena 
HO  compel  the  use  of  recognised  t^rma,  that  we  cannot  avoid 
using  the  word  cause  even  in  the  sense  to  which  objection 
taken  ;  and  if  we  struck  it  out  of  our  vocabulary,  our  lan- 
guage, in  speaking  of  successive  changes,  would  be  unintelli- 
gible to  the  present  generation.  The  common  error,  if  I  au 
right  in  supposing  it  to  be  such,  consists  in  the  abstraction  of 
cause,  and  in  supposing  in  each  case  a  general  secondary 
a  something  which  is  not  the  first  cause,  but  which,  if 
arefully,  must  have  all  the  attributes  of  a  first 
cause,  and  an  existence  independent  of,  and  dominant  over, 
matter. 

The  relations  of  electricity  and   magnetism  afford  ui 

very  instructive  esainplo  of  the  belief  in  secondary  caa 

'    tion.     Subsequent  to  the  discovery  by  Oersted  of  electro-ma^ 

netism,  and  prior  to  that  by  Faraday  of  magneto-electricity, 

I   electricity  an<l  magnetism  were  believed  by  the  highest  authoi^ 

itics  to  stand  !□  the  relation  of  cause  and  effect — i,  e.  eleo 

trieity  was  regarded  as  the  cause,  and  magnetism  as  the  efFcct ; 

and  where  magnets  existed  without  any  apparent  electrical 

cnrrentB    to    cause    their  magnetism,  hypothetical   currents 

were   supposed,  for   the   purpose   of   carrying  out   the  ca 

ative  view ;    but  magnelism  may  now  be  said  with  equal 

I   truth  to  be  the  cause  of  electricity,  and  electrical  currents 

I  may  be  referred  lo  hypothetical  magnetic  lines :    if  therefore 

I  electricity  cause  magnetism,  and  magnetism  cause  clactridty, 

I  why  then  electricity  causes  electricity,  which  becomes,  so  to 

K  speak,  a  reductio  ad  ahsardvm  of  the  doctrine. 

ie  another  instance,  much  may  render  these  posi 
B  inteUigihle.  By  heating  bars  of  bismuth  and  anti- 
mony in  contact,  a  current  of  electricity  is  produced ;  and  if 
eir  eitremities  be  united  by  a  fine  wire,  the  wire  is  heated, 
owhere  the  electricity  in  the  melala  is  said  to  be  caosed 
r  heat,  and  the  heat  in  the  wire  to  be  caused  by  electrici^, 
id  in  a  concrete  sense  thb  is  true  ;  but  can  we  thence  81^ 
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abstractedly  that  heat  is  the  cause  of  electricity,  or  that  eleo* 
tricity  is  the  cause  of  heat?  Certainly  not ;  for  if  either  be 
true,  both  must  be  so,  and  the  effect  then  becomes  the  cause 
of  the  cause,  or,  in  other  words,  a  thing  causes  itself.  Any 
other  proposition  on  this  subject  will  be  found  to  involve  sim- 
ilar difficulties,  until,  at  length,  the  mind  will  become  con- 
vinced that  abstract  secondary  causation  does  not  exist,  and 
that  a  search  after  essential  causes  is  vain. 

The  position  which  I  seek  to  establish  in  this  Essay  is, 
that  the  various  affections  of  matter  which  constitute  the 
main  objects  of  experimental  physics,  viz.,  heat,  light,  elec- 
tricity, magnetism,  chemical  afl&nity,  and  motion,  are  all  cor- 
relative, or  have  a  reciprocal  dependence ;  that  neither,  taken 
abstractedly,  can  be  said  to  be  the  essential  cause  of  the  oth- 
ers, but  that  either  may  produce  or  be  convertible  into,  any 
of  the  others :  thus  heat  may  mediately  or  immediately  produce 
electricity,  electricity  may  produce  heat ;  and  so  of  the  rest, 
each  merging  itself  as  the  force  it  produces  becomes  devel- 
oped :  and  that  the  same  must  hold  good  of  other  forces,  it  be- 
ing an  irresistible  inference  from  observed  phenomena  that  a 
force  cannot  originate  otherwise  than  by  devolution  from  some 
pre-existing  force  or  forces. 

The  term  force,  although  used  in  very  different-senses  by 
different  authors,  in  its  limited  sense  may  be  defined  as  that 
which  produces  or  resists  motion.  Although  strongly  inclined  to 
believe  that  the  other  affections  of  matter,  which  I  have  above 
named,  are,  and  will  ultimately  be  resolved  into,  modes  of 
motion,*many  arguments  for  which  will  be  given  in  subse- 
quent parts  of  this  Essay,  it  would  be  going  too  far,  at  pre- 
sent, to  assume  their  identity  with  it ;  I  therefore  use  the  term 
force  in  reference  to  them,  as  meaning  that  active  principle 
inseparable  from  matter  which  is  supposed  to  induce  its  vari» 
ous  changes. 

The  word  force  and  the  idea  it  aims  at  expressing  might 
be  objected  to  by  the  purely  physical  philosopher  on  similar 
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Gprounds  to  thiiso  which  apply  to  the  word  cause,  as  it  repn- 
sciiis  a  sul-Io  moutiil  cvin-epiion,  and  not  a  sensuous  peroep- 
lion  or  phenomenon.     The  objection  would  take  sometbmg^ 
ot*  this  form.     It'  the  ^:^in■J  of  u  bent  bow  be  cat,  the  bow 
will  sirai-zhion  itself;  we  thence  say  there  is  an  elastic /orM 
in  the  bow  which  siraiirhiens  it :  but  if  we  applied  our  expres- 
sions to  tliis  exi>eriment  alone,  the  use  of  the  term  foiOB 
would  be  superduous,  and  would  not  add  to  our  knowledge 
on  the  subject.     All  the  information  which  our  minds  could 
get  would  be  as  sutliciently  obtained  from  the  expression, 
when  the  string  is  cut,  the  bow  becomes  straight,  as  fromthe 
expression,  the   bow  becomes  straight  by  its  elastic  force. 
Do  w*e  know  more  of  the  phenomena,  Tie  wed  without  refep* 
ence  to  other  phenomena,  by  saying  it  is  produced  by  force? 
Certainly  not.     All  we  know  or  see  is  the  effect ;  we  do  not 
see  force — ^we  see  motion  or  moving  matter. 

If  now  we  take  a  piece  of  caoutchouc  and  stretch  it,  when 
Aileased  it  returns  to  its  original  length.  Here,  though  the 
subject-matter  is  very  different,  we  see  some  analogy  in  the 
effect  or  phenomenon  to  that  of  the  strung  bow.  If  again 
we  suspend  an  apple  by  a  string,  cut  the  string,  the  apple  falls. 
Here,  though  it  is  less  striking,  there  is  still  an  analogy  to 
the  strunff  bow  and  the  caoutchouc. 

Now  when  the  word  force  is  employed  as  comprehending 
these  three  different  phenomena  we  find  some  use  in  the  term, 
not  by  its  explaining  or  rendering  more  intelligible  the  modus 
agendi  of  matter,  but  as  conveying  to  the  mind  something 
which  is  alike  in  the  three  phenomena,  however  distidlst  they 
may  be  in  other  respects :  the  word  becomes  an  abstract  or 
generalised  expression,  and  regarded  in  this  light  is  of  high 
utility.  Although  I  have  given  only  three  examples,  it  is 
obvious  that  the  term  would  equally  apply  to  300  or  3,000  ex- 
amples. 

But  it  will  be  said,  the  term  force  is  used  not  as  express- 
ing the  effect,  but  as  that  which  produces  the  effect.     This  la 
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true,  andintliis  its  ordinary  sense  I  shall  use  it  in  these  pages. 
But  though  the  term  has  a  potential  meaning,  to  depart  from 
which  would  render  language  unintelligible,  we  must  guard 
against  supposing  that  we  know  essentially  more  of  the  phe 
nomena  by  saying  they  are  produced  by  something,  which 
something  is  only  a  word  derived  from  the  constancy  and 
similarity  of  the  phenomena  we  seek  to  explain  by  it.  The 
relations  of  the  phenomena  to  which  the  terms  force  or  forces 
are  applied  give  us  real  knowledge  ;  these  relations  may  be 
called  relations  of  forces ;  our  knowledge  of  them  is  not  there- 
by lessened,  and  the  convenience  of  expression  is  greatly  in 
creased,  but  the  separate  phenomena  are  not  more  intimately 
known ;  no  further  insight  into  why  the  apple  falls  is  acquired 
by  saying  it  is  forced  to  fall,  or  it  falls  by  the  force  of  gravita 
tion ;  by  the  latter  expression  we  are  enabled  to  relate  it 
most  useftdly  to  other  phenomena,  but  we  still  know  no  more 
of  the  particular  phenomenon  than  that  under  certain  circum- 
stances the  apple  does  fall. 

In  the  above  illustrations,  force  has  been  treated  as  the 
producer  of  motion,  in  which  case  the  evidence  of  the  force  is 
the  motion  produced ;  thus  we  estimate  the  force  used  to  pro- 
ject a  cannon  ball  in  terms  of  the  mass  of  matter,  and  the 
velocity  with  which  it  is  projected.  The  evidence  of  force 
when  the  term  is  applied  to  resistance  to  motion  is  of  a  some- 
what different  character ;  the  matter  resisting  is  molecularly 
affected,  and  has  its  structure  more  or  less  changed ;  thus  a 
strip  of  caoutchouc  to  which  a  weight  is  suspended  is  elonga- 
ted, and  its  molecules  are  displaced  as  compared  with  their 
position  when  unaffected  by  the  gravitating  force.  So  a  piece 
of  glass  bent  by  an  appended  weight  has  its  whole  structure 
changed ;  this  internal  change  is  made  evident  by  transmit- 
tmg  through  it  a  beam  of  polarised  light :  a  relation  thus 
becomes  established  between  the  molecular  state  of  bodies 
and  the  external  forces  or  motion  of  masses.  Every  particle 
of  the  caoutchouc  or  glass  must  be  acting  and  contributing  to 
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lieEist  or  airoat  the  motion  of  the  mass  of  matter  appended 
I  to  it. 

i  difSculE,  in  such  cases,  not  to  recognise  a  reality  in 
B^rce.  "We  need  some  word  to  express  this  state  of  tei^ioa ; 
WVfB  know  that  it  produces  an  effect,  though  the  effect  be  ncga- 
I  live  in  character  :  although  in  this  effort  of  inanimate  matter 
)  more  trace  the  mode  of  action  to  its  ultimate  ele- 
I  ments  than  we  can  foUow  out  the  connection  of  our  own 
Lmnaclea  with  the  volition  which  calls  them  into  action,  we 
I  are  experimentally  convinced  that  matter  changes  its  state 
Iliy  the  agency  of  other   matter,  and   this   agency  ive   call 

In  placing  the  weight  on  the  glass,  we  have  moved  the 
I  former  to  an  extent  equivalent  to  that  which  it  would  again 
Jdescribe.if  the  resislaneo  were  removed,  and  this  motion  of 
naes  becomes  an  exponent  or  measure  of  the  force  exert- 
in  the  glaee ;  while  this  is  in  the  state  of  tension,  the 
1  is  ever  existing,  capable  of  reproducing  the  original 
I  motion,  and  while  in  a  state  of  abeyance  as  to  actual  motion, 
I  it  is  really  acting  on  the  glass.  The  motion  is  suspended, 
f  but  the  force  is  not  annihilated. 

But  it  may  be  objected,  if  tension  or  static  force  be  thus 

I  motion  in  abeyance,  there  is  at  all  times  a  large  amount  of 

fciynamieal  action  subtracted  from  the  universe.     Every  atone 

pipon  a  hill,  every  spring  that  ia  bent,  and  has  required  force 

I  upraise  or  hend  it,  has  for  a  time,  and  possibly  for  ever, 

|»ithdrawn  this  force,  and  annihilated  it.      Not  ho  ;  what 

i  place  when  we  raise  a  weight  arid  leave  it  at  the  point 

)  which  it  has  been  elevated?  we  have  changed  the  centre 

t  gravity  of  the  earth,  and  consequently  the  earth's  position 

rence  to  the  sun,  planets,  and  stars  ;  the  effort  we 

i  made  pervades  and  shakes  the  universe ;  nor  can  we 

esent  to  the  mind  any  exercise  of  force,  which  is  thus  not 

t  in  its  dynamical  effccls.     If,  instead  of  one  weight 

',  raised,  we  raiee  two  weights,  each  placed  at  a  point 
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diametrically  opposite  the  other,  it  woald  be  said,  hero  you 
have  compeDsation,  a  balance,  no  chaQge  in  the  centre  of 
gravit;  pf  the  earth ;  but  wo  have  increased  the  mean  diamo 
tor  of  the  earth,  and  a  perturbation  of  our  pinnot,  and  of  all 
other  eeleatial  bodies  Decefisarily  ensues. 

The  force  may  be  said  to  be  in  abeyance  with  reference 
to  the  effect  it  would  have  produced,  if  not  arrested,  or 
placed  in  a  alate  of  tension  ;  but  in  ihe  act  of  imposing  this 
state,  the  relations  of  equilibrium  with  other  bodies  have 
been  changed,  and  these  move  in  their  turn,  bo  tliat  motion 
of  the  same  amount  would  seem  to  bo  ever  affecting  matter 
conceived  ia  its  totality. 

Press  the  hands  violently  together ;  the  first  notion  may 
he  that  this  is  power  locked  up,  aud  that  no  change  ensues. 
Not  so  ;  the  blood  courses  more  quickly,  respiration  is  accele- 
rated, changes  which  we  may  not  be  able  to  trace,  lake  place 
in  the  miiacles  and  nerves,  transpiration  is  increased ;  we 
have  given  pff  force  in  various  ways,  and  must,  if  the  effort 
be  prolonged,  replenish  our  sources  of  power,  by  fresh  chemi- 
cal action  In  the  stomach. 

In  books  which  treat  of  statics  and  dynamics,  it  is  com- 
mon aud  perhaps  necessary  to  isolate  the  subjects  of  consid- 
eration ;  to  suppose,  for  instance,  two  bodies  gravitating,  and 
to  ignore  the  rest  of  Ihe  universe.  But  no  such  isolation  ex- 
ists in  reality,  nor  could  we  predict  the  result  if  it  did  exist. 
Would  two  bodies  gravitate  towards  each  other  in  empty 
space,  if  space  can  be  empty?  the  notion  that  they  would  is 
founded  on  the  theory  of  attraction,  which  Newton  himself 
repudiated,  further  than  as  a  convenient  means  of  regard- 
ing Ihe  subject.  For  purposes  of  instruction  or  argument  it 
may  be  convenient  to  assume  isolated  matter :  many  con- 
clusions so  arrived  at  may  be  true,  but  many  will  ho 
erroneous. 

If,  in  producing  effects  of  tension  or  of  static  force,  the 
^  ,-ififibrt  made  pervades  the  universe,  it  may  be  said,  when  the 
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bent  spring  is  freed,  when  the  raised  weight  falls,  a  con^enKl 
series  of  motions  must  be  effected,  and  this  theory  would  lead 
to  a  mere  reciprocation,  which  would  be  equally  unproduc- 
tive of  permanent  change  with  the  annihilation  of  force.  If 
raising  the  weight  has  changed  the  centre  of  gravity  of  the 
earth,  and  thence  of  the  universe,  the  fall  of  the  weight,  it 
will  be  said,  restores  the  original  centre  of  gravity,  and  every- 
thing comes  back  to  its  original  status.  In  this  argument  we 
again,  in  thought,  isolate  our  experiment;  we  neglect  sm> 
rounding  circimistances.  Between  the  time  of  the  raising 
and  falling  of  the  weight,  be  the  interval  never  so  small, 
nay,  more,  during  the  rising  and  during  the  fall,  the  earth 
has  been  going  on  revolving  round  its  axis  and  round  the 
sun,  to  say  nothing  of  other  changes,  such  as  temperature, 
cosmical  magnetism,  &c.,  which  we  may  call  accidental,  but 
which,  if  we  knew  all,  would  probably  be  found  to  be  as 
necessary  and  as  reducible  to  law  as  the  motion  of  the  earth. 
A  change  having  taken  place,  the  fall  of  the  jsveight  does 
not  bring  back  the  status  quo^  but  other  changes  supervene, 
and  so  on.  Nothing  repeats  itself,  because  nothing  can 
be  placed  again  in  the  same  condition:  the  past  is  irre- 
vocable. 


II.— MOTION. 

MOJ'ION — ^which  has  been  taken  as  the  main  exponent 
of  force  in  the  above  examples — ^is  the  most  obvious? 
the  most  distinctly  conceived  of  all  the  affections  of  matter. 
Visible  motion,  or  relative  change  of  position  in  space,  is  a 
phenomenon  so  obvious  to  simple  apprehension,  that  to  at- 
tempt to  define  it  would  be  to  render  it  more  obscure  ;  but 
with  motion,  as  with  all  physical  appearances,  there  are  cer- 
tain vanishing  gradations  or  undefined  limits,  at  which  the 
obvious  mode  of  action  fades  away  ;  to  detect  the  contiuu- 
ing  existence  of  the  phenomena  we  are  obliged  to  have  re- 
course to  other  than  ordinary  methods  of  ruvestigation,  and 
we  frequently  apply  other  and  different  names  to  the  effects 
so  recognised. 

Thus  sound  is  motion ;  and  although  in  the  earlier  pe- 
riods of  philosophy  the  identity  of  sound  and  motion  was  not 
traced  out,  and  they  were  considered  distinct  affections  of 
matter — ^indeed,  at  the  close  of  the  last  century  a  theory  was 
advanced  that  soimd  was  transmitted  by  the  vibrations  of  an 
ether — ^we  now  so  readily  resolve  sound  into  motion,  that  to 
those  who  are  familiar  with  acoustics,  the  phenomena-  of 
Bound  immediately  present  to  the  mind  the  idea  of  motion, 
i.  e.  motion  of  ordinary  matter. 

Again,  with  regard  to  light :  no  doubt  now  exists  that 
light  moves  op  is  accompanied  by  motion.     Here  the  phe- 
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nomena  of  motion  are  not  made  evident  by  the  ordinary  sen* 
iQoua  perception,  as  for  instance  the  motion  of  a  visibly  mov- 
ing projectile  would  be,  but  by  an  inverse  deduction  from 
knowD  relatione  of  motion  to  time  and  apace  ;  aa  all  observa- 
tion teacties  us  that  bodies  in  moving  from  one  point  in  space 
to  another  occupy  time,  we  conclude  that,  wherever  a  con- 
tinuing phenomenon  is  rendered  evident  in  two  different 
points  of  space  at  different  times,  there  is  motion,  though  we 
cannot  see  the  progression.  A  similar  deduction  convinces 
us  of  the  motion  of  electricity. 

As  we  in  common  parlance  apeat  of  sound  inoving, 
altboagh  sound  is  motion,  it  requires  no  great  stretch  of 
imagination  to  conceive  light  and  electricity  as  motions,  and 
not  as  things  moving.  If  one  end  of  a  long  bar  of  metal  be 
Btruck,  a  sound  is  soon  perceptible  at  the  other  end.  This 
we  now  know  to  be  a  vibration  of  the  bar ;  sound  ia  but  a  word 
expressive  of  the  mode  of  motion  impreesed  on  the  bar ;  so 
one  end  of  a  column  of  air  or  glass  subjected  to  a  luminous  im- 
pulse gives  a  perceptible  effect  of  light  at  the  other  end :  this 
can  equally  be  conceived  to  bo  a  vibration  or  transmitted 
Inotion  of  particles  in  the  transparent  column  :  this  question 
will,  however,  be  further  discussed  hereafier  ;  for  the  present 
■we  will  confine  ourselves  to  motion  witfiin  the  limits  to  which 
the  term  is  usually  restricted. 

With  the  perceptible  phenomena  of  motion  the  meotal 
conception  has  been  invariably  associated  to  which  I  have 
.before  alluded,  and    to    which    the  term  force  is  given — 

which  conception,  when   we    analyse    it,   refers  us  to 

a  antecedent  motion.  If  we  except  the  production  of 
lotion  by  heat,  light,  &c.,  which  will  he  considered  in  the 
|uel,  when  we  see  a  body  moving  we  look  to  motion  hav- 

been  communicated  to  it  by  matter  which  has  previoudj 

Of  absolute  rest  Nature  gives  us  no  evidence  j  oil  matter, 
,r  OB  we  can  ascertain,  is  ever  in  movement,  not  morel; 


St 

,  Bd  witb  the  pUmeteij  qtberes,  bat  also  mole* 
cnlarly,  or  ihroughixU  it^  moat  iniiinaie  stmctare  :  llnu  erery 
alteration  of  temperature  producea  a  moleeiilar  diange 
Ibroaghout  ihe  whole  subeiance  heated  or  cooled;  slow 
chemical  or  electrical  actions,  sctjons  of  li^l  or  iarMilile 
radiaat  forces,  are  always  at  pluy,  so  that  aa  a  fact  we  no- 
not  predicate  of  any  portiun  of  matter  that  k  ia  abeolotely  at 
rest.  Supposing,  however,  that  inotioD  is  not  an  indifpena^ 
Ue  Enaction  of  ma'.ier,  bat  that  matter  can  be  at  rest,  matter 
at  rest  would  never  of  itself  cease  to  be  at  rest ;  it  woiold  not 
move  nnleSB  iinpelled  to  snch  niolion  by  some  other  moving 
body,  or  body  which  has  moved.  This  propoeition  applies 
not  merely  to  impulsive  motion,  as  when -a  ball  at  rest  is 
stmck  by  a  moving  body,  or  pressed  by  a  spring  which  lias 
previously  been  moved,  bat  lo  motion  caused  by  attractions 
each  as  mugnetism  or  gravilaiion.  Suppose  a  piece  of  iron 
at  rest  iu  tonlact  with  a.  magnet  at  rest ;  if  it  be  desired  to 
move  the  iron  by  the  attraction  of  the  magnet,  the  magnet  or 
the  iron  must  first  be  moved  ;  so  betbre  a  body  iolls  it  must 
first  be  raised.  A  body  at  rest  would  therefore  continue  bo 
for  ever,  and  a  body  once  in  motion  would  continue  so  Ibr 
ever,  in  the  same  direction  and  with  the  same  velocity,  un- 
less impeded  by  some  other  body,  or  afiecied  by  some  other 
force  thiin  that  which  origioally  impelled  it.  These  propo- 
sitiaos  may  eeem  somewhat  arbitrary,  and  it  has  been  doubted 
whether  they  are  necessary  truths  ;  tbey  have  for  a  long  time 
been  received  as  axioms,  and  there  can  at  all  events  be  no 
harm  in  accepting  them  as  postulates.  Il  is  however  very 
generally  believed  that  if  the  visible  or  palpable  motion  of 
one  body  be  arrested  by  impact  on  another  body,  the  mo- 
tion ceases,  and  the  force  which  produced  it  is  oimihi- 
iat«d. 

Kow  the  view  which  I  venture  to  submit  is,  that  force 
cannot  be  annihilated,  but  i:,  merely  subdivided  or  altered  in 
direction  or  eharacler.     First,  as  to  direction.     Wave  your 
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bond :  the  motion,  which  has  apparently  ceased,  is  token  np 
by  the  air,  frota  the  air  by  the  walls  ot  the  room,  &c.,  nnij 
BO  by  direct  and  reacting  waves,  eominually  comminutad,  but  * 
never  destroyed.  IL  ia  true  that,  at  a  certain  point,  we  lose 
bU  means  of  detecting  the  motion,  Irom  its  minnto  subdivi* 
sioa,  which  defies  our  most  deUcate  means  of  appreciation, 
but  wo  can  indefinitely  extend  onr  power  oi'  deteeting  it  a<y 
cording  as  we  confine  its  direction,  or  increase  the  delicacy 
of  our  esaminatioa.  Thua,  if  the  hand  be  moved  in  nnt 
fined  air,  the  motion  of  the  air  would  not  be  sensible  to  a  per- 
son at  a  few  feet  distance  ;  but  if  a  piston  of  the  same  extent 
of  surface  as  the  hand  be  moved  with  the  same  rapidity  in  a 
tube,  the  blast  of  air  may  be  distinctly  felt  at  several  yarda 
distance.  There  is  no  greater  absolute  amount  of  motion  in 
the  air  in  the  second  than  in  the  first  case,  but  its  direction 
is  restrained,  so  lo  make  the  means  of  detection  more  £acile> 
By  carrying  on  this  restraint,  as  in  the  air-gun,  we  get  a 
power  of  delecting  the  motion,  and  of  moving  other  bodies  at 
Jar  greater  dietantea.  The  puff  of  air  which  would  in  the 
air-gun  project  a  bullet  a  quarter  of  a  mile,  if  allowed  to  es- 
cape without  its  direction  being  reatraiaed,  aa  by  the  bursting 
of  a  bladder,  would  not  be  perceptible  at  a  yard  distancBr 
though  the  same  absolute  amount  of  motion  be  impressed  o' 
the  surrounding  air. 

It  may,  however,  be  asked,  what  becomes  of  force  when 
motion  is  arrested  or  impeded  by  the  counter-motion  of  another 
body?  This  is  generally  believed  to  produce  rest,  or  entire 
destruction  of  motion,  and  consequent  annihilation  of  force: 
□  indeed  it  may,  as  regards  the  motion  of  the  masses,  but  ft 
cw  force,  or  new  cLaracter  of  force,  now  ensues,  the  expo* 
uent  of  which,  instead  of  visible  motion,  is  heat.  I  venture 
jgord  the  heat  which  results  from  friction  or  percussion 
of  the  force  which  was  previously  aasocift* 
ig  body,  and  which,  when  this  impinges  on 
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another  body,  ceasing  to  exist  as  gross,  palpable  motion,  con 
tinues  to  exist  as  heat. 

Thus,  let  two  bodies,  A  and  B,  be  supposed  to  move  in 
opposite  directions  (putting  for  the  moment  out  of  question 
ftll  resistance,  such  as  that  of  the  air,  &c.),  if  they  pass  each 
other  without  contact  each  will  move  on  for  ever  in  its  re* 
Bpective  direction  with  the  same  velocity,  but  if  they  touch 
each  other  the  velocity  of  the  movement  of  each  is  reduced, 
and  each  becomes  heated :  if  this  contact  be  slight,  or  such  as 
to  occasion  but  a  slight  diminution  of  their  velocity,  as  when 
the  surfaces  of  the  bodies  are  oiled,  then  the  heat  is  slight ; 
but  if  the  contact  be  such  as  tb  occasion  a  great  diminution 
of  motion,  as  in  percussion,  or  as  when  the  surfaces  are 
roughened,  then  the  heat  is  great,  so  that  in  all  cases  the  re- 
sulting heat  is  proportionate  to  the  diminished  velocity. 
Where,  instead  of  resisting  and  consequently  impeding  the 
motion  of  the  body  A,  the  body  B  gives  way,  or  itself  takes 
^p  the  motion  originally  communicated  to  A,  then  we  have 
less  heat  in  proportion  to  the  motion  of  the  body  B,  for  here 
the  operation  of  the  force  continues  .in  the  form  of  palpable 
motion :  thus  the  heat  resulting  &om  Mction  in  the  axle  of  a 
wheel  is  lessened  by  surroimding  it  by  rollers ;  these  take  up 
the  primary  motion  of  the  axle,  and  the  less,  by  this  means, 
the  initial  motion  is  impeded,  the  less  is  the  resulting  heat. 
Again,  if  a  body  move  in  a  fluid,  although  some  heat  is  pro- 
duced, the  heat  is  apparently  trifling,  because  the  particles  of 
the  fluid  themselves  move,  and  continue  the  motion  originally 
commimicated  to  the  moving  body :  for  every  portion  of  mo- 
tion communicated  to  them  this  loses  an  equivalent,  and 
where  both  lose,  then  an  equivalent  ef  heat  results. 

As  the  converse  of  this  proposition,  it  should  follow  that 
lihe  more  rigid  the  bodies  impinging  on  each  other  the  greater 
should  be  the  amount  of  heat  developed  by  Mction,  and  so 
we  find  it.  Flint,  steel,  hard  stones,  glass,  and  metals,  are 
fliose  bodies  which  give  the  greatest  amount  of  heat  from 
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Jncljon  or  pcrcussioa;  vhile  water,  oil,  &c.,  give  little  or  at 
lieat,  and  from  the  ready  mobili^  of  their  particles  lessen  ita 
developement  when  interposed  between  rigid  moving  bodiesi 
Tkna,  if  we  oil  (he  axles  of  wheels,  we  have  more  rapid  mo- 
tion of  the  bodies  themselves,  but  less  heat ;  if  we  increase 
the  resistance  to  motion,  as  by  roughening  the  points  of  con- 
tact, so  that  each  particle  strikes  against  and  impedes  the 
motion  of  others,  then  we  have  diniinished  motion,  but  in- 
creased heat ;  or  if  the  bodies  be  smooth,  but  instead  of  slid- 
ing past  each  other  be  pressed  closely  together  and  Uien 
rubbed,  we  shall  in  many  cases  evolve  more  heat  than  by  the 
roughened  bodies,  as  we  get  a  greater  number  of  parliclea  in 
contact  and  a  greater  resistance  to  the  initial  motion.  I  can* 
not  present  to  my  mind  any  case  of  heat  resulting  from  Mo- 
tion which  is  not  explicable  by  this  view ;  friction,  according 
to  it,  is  simply  impeded  motion.  The  greater  the  impedi- 
ment, Uic  more  force  is  required  to  overcome  it,  and  the 
greater  is  the  resulting  heat ;  this  resulting  heat  being  a 
tinuation  of  indestruetible  force,  capable,  as  we  shall  i 
ently  see,  of  reproducing  palpable  motion,  or  motion  of  defi- 

Whatever  be  the  nature  of  the  bodies,  rough  or  smooth, 
solid  or  liquid,  provided  there  he  the  same  initial  force,  and 
the  whole  motion  he  ultimately  arrested,  there  should  be  the 
same  amount  of  heat  developed,  though  where  the  motion  if 
carried  on  through  a  great  number  of  points  of  matter  we  dc 
not  so  sensibly  perceive  the  resulting  heat  from  its  greater 
dissipation.  The  friction  of  fluids  produces  heat,  an  eifect 
first  noticed  I  believe  by  Mayer.  The  total  heat  produced  by 
the  friction  of  fluids  should,  therefore,  it  will  be  said,  ba 
equal  to  that  produced  by  the  friction  of  solids  ;  for  although 
each  particle  produces  little  heat,  the  motion  being  readily 
taken  up  by  the  neighbouring  particles,  yet  by  the  time  tha 
whole  mass  has  attained  a  slate  of  rest  there  has  been  tha 

B  impeding  of  the  initial  motion  as  by  the  friction  of  sot- 
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ids  if  produced  by  the  same  initial  force.  If  the  heat  be 
viewed  in  the  aggregate,  and  allowance  be  made  for  the  spe 
cific  thermal  capacity  of  the  substances  employed,  it  probably 
is  the  same,  though  apparently  less  ;  the  heat  in  the  case  of 
Bolids  being  manifested  at  certain  defined  points,  while  in 
tliat  of  fluids  it  is  dissipated,  both  the  time  and  space  duricg 
snd  through  which  the  motion  is  propagated  differ  in  the  two 
cases,  so  that  the  heat  in  the  latter  case  is  more  readily  car- 
ried  off  by  surrounding  bodies. 

If  the  body  be  elastic,  and  by  its  reaction  the  motion  im- 
pressed on  it  by  the  initial  force  be  continued,  then  the  heat 
is  proportionately  less ;  and  were  a  substance  perfectly  elas- 
tic, and  no  resistance  opposed  to  it  by  the  air  or  other  mat- 
ter, then  the  movement  once  impressed  would  be  perpetual, 
and  no  heat  would  result.  A  ball  of  caoutchouc  bandied 
about  for  many  minutes  between  a  racket  and  a  wall  is  not 
perceptibly  heated,  while  a  leaden  bullet  projected  by  a  gun 
against  a  wall  is  rendered  so  hot  as  to  be  intolerable  to  the 
touch :  in  the  former  case,  the  motion  of  the  mass  is  contin- 
ued by  the  reaction  due  to  its  elasticity ;  in  the  latter,  the 
motion  of  the  mass  is  extinguished,  and  heat  ensues. 

A  pendulum  started  in  the  exhausted  receiver  of  an  air- 
pump  continues  its  oscillation  for  hours  or  even  days ;  the 
Motion  at  its  point  of  suspension  and  the  resistance  of  the 
air  is  minimised,  and  the  heat  is  imperceptible,  but  these  tri- 
fling resistances  in  the  end  arrest  the  motion  of  the  mass,  the 
one  giving  it  out  as  heat,  the  other  conveying  the  force  to  the 
.  receiver,  and  thence  to  surrounding  bodies.  Similar  reason- 
ing may  be  applied  to  the  oscillation  of  a  coiled  spring  and 
balance  wheel. 

To  wind  up  a  clock  a  certain  amount  of  force  is  expended 
by  the  arm ;  this  force  is  given  back  by  the  descent  of  the 
weight,  the  wheels  move,  the  pendulum  is  kept  oscillating, 
heat  is  generated  at  each  point  of  friction,  and  the  surround- 
ing air  is  set  in  motion,  a  part  of  which  is  made  obvious  to 
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u§  hy  Iho  ticJtbg  Bound.     But  it  will  be  said,  if  insU«'l  of 

allowing  iho  wcigbt  to  act  npon  tbe  mailunerv,  the  cord  by 

whk'h  it  is  suspended  be  cut,  the  weight  drops  and  the  fun* 

ia  at  an  enA.     By  no  means,  for  in  this  case  the  honae  ia 

shaken  by  the  concusaion,  and  thus  the  force  aad 

continued,  while  in  the  former  case  the  weight  reaches  thm 

ground  iguiolly,  and  no  evidence  of  force  or  m 

festud  bj  its  impact,  tlie  whole  having  been  previouelj  dissi- 

[)at«d. 

If  llie  initial  motion,  instead  of  being  arrested  by  the  im- 
jiuwt  of  other  bodies,  as  in  friction  or  percussion,  is  impeded 
by  confiuoment  or  comprossiou,  as  where  the  dilatation  of  I 
gaa  18  prevented  by  mechanical  means,  heat  equally  resnlts: 
thus  if  a  piston  is  used  to  compress  air  in  a  closed  vessel,  the 
oompresstd  air  and,  from  it,  the  sides  of  the  veaael  will  be 
heatud :  the  air  being  miable  to  toko  up  and  cany 
original  motion  communicates  molecular  motion 
lo  al!  bodioB  in  contact  with  it ;  and,  conversely,  if 
pnud  air  by  mechanical  mution,  as  by  withdrawing  the  pi»- 
ton,  cold  is  produced.  So  when  a  solid  has  its  particles  cow- 
preRsed  or  brought  nearer  together,  as  when  a  bar  of 
hntnmercd,  heat  is  produced  beyond  that  wliich  is  due  to  per- 
eusaion  niono.  In  this  latter  case  we  cannot  very  ea^y  ef 
fed  llio  converse  result,  or  produce  cold  by  the  mechanical 
dllalfttlou  of  a  solid,  though  the  phenomena  of  solution, 
where  the  particles  of  a  solid  are  detached  from  each  other, 
or  drawn  more  widely,  asunder,  give  us  an  approximation  to 
It :  in  the  case  of  solution  cold  is  produced. 

Wo  are  from  a  very  extensive  range  of  observation  and 
experiment  entitled  lo  conclude  that,  with  some  curiotts  ejc- 
ceptions  to  lie  presently  noticed,  whenever  a  body  is 
pressed  or  brought  into  smaller  dimensions  it  is  heated 
it  expands  neiglibouriug  substances.  Whenever  it  is  dilated' 
or  increased  in  volume  it  is  cooled)  or  contracts  neighbouring 
■ubstaucea. 


pound  of  WKlcr  ikrsa^  me  d^ree  of  Fal 

tabulates  to  llie  IliiiiiiiiiMlih  fttrt  flf  «  itffm  mt  fak 
and  &  larg«  diuAm-  of  ku  tknmoHEloe  dMK  jne 
bended  witbin  Ihe  Bmhi  oi  m  n^  degne-    Oth^  e 
iDcateTB  hare  gmn  vojr  JiftiBnt  ■ 

general  opinioD  eeens  to  be  ilMt  libe  BmtAen  pwea  bf  3 
Joule  are  tbe  oearfsl  sf^mndudm  to  Hk  tralh  jrt  o 

nitherEo  I  have  ukea  ao  dijtiiHtian  u  to  tbe  fikjt 
diaracler  of  ibe  bodies  iBipingnig  on  tmA  other ;  bat  Nanmfl 
gives  lu  a  remurkabla  di^reace  in  tbe  ch&raotcr  or  d 
tbe  force   elimiiiated  bj  friction,  according/  as  tbe  bodiM>| 
^rhich   impinge  are  honwgeoeoua  or  beterogeneoos :  if  Ills 
ler,  heat  alone  is  produced ;  if  the  Utter,  eleetricatr. 
t  "We  find,  indeed,  inetanoes  giren  by  anthors.  of  electricity 
;  front  tfae  friction  of  homogeaeona  bodies ;  but,  a«  I- 
atsted  in  my  ori^nal  Lectures,  I  have  not  found  such  facta 
CODiimiod  bv  my  own'  experiments,  and  this  concltt^ioa  has 
been  cairuboratcd  bv  some  esperiments  of  Frofessor  Erman, 
eommunicated  to  the  meeting  of  the  British  Association  in 
the  year  18'15,  in  which  he  found  that  no  electricity  resulted 
'{rum  the  inction  of  perfectly  homogeneous  subsliinces ;  n$, 
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for  taslanee,  tlie  ends  of  a  broken  bar.     Such 
these  will,  indeed,  be  Bcldom  free  from  slight  electrical  Co 
rents,  on  account  of  tie  practical  dilEc-ulty  of  fiilfitliDg  tl 
condition  of  perfect  homogeneity  in  the  aubstancca  themselve 
their  size,  their  temperature,  &c, ;  but  the  efieets  prodnci 
axe  very  trifling  and  vary  in  direction,  and  the  resultant  eSe 
ia  nonght.     Indeed,  it  would  be  dilficult  to  conceive  the  co 
trary.     How  could  we  possibly  image  to  the  mind  or  d 
scribe  the  direction  of  a  cmrent  Irom  the  same  body  to  tl 
gome  body,  or  pvo  instmctiona  for  a  repetition  of  the  expc 
intent?     It  would  be  unintolli^ble  to  eay  that  in  rubbing 
and  iro  two  pieces  of  bismnth,  iron,  or  glass,  a  corrent  i 
electricity  circulated  from  bismuth  to  biamnth,  or  from  in 
to  iron,  or  from  glass  to  glass  ;  for  tbe  question  inuaediftte^ 
occurs — from  which  bismuth  to   which    does  it  Mrcnlata' 
And  should  this  question  be  answered  by  calling  one  piocv 
A,  and  the  other  B,  tliie  would  only  apply  to  the  particulat 
epecimens  employed,  the  distinctive  appellation  denoting 
distinction  in  fact,  as  otherwise  A  could  be  substitntfid  for  Bj 
and  the  bar  to  which  the  positive  electricity  flowed  would 
turn  become  the  bar  to  which  the  negative  electricity  flowedi 
We  may  say  that  it  circulates  from  rough  glass  to  smooth^] 
from  cast  iron  to  wronght,  for  here  there  ia  not  homo; 
It  is  moreover  conceivable;  that  when  the  motion  ia 
nouB  in  a  definite  direction,  electricity  may  result  from  tin 
friction  of  homogeneous  bodies.      If  A  and  B  rub  agaii 
each  other,  revolving  in  opposite  directions,  concentric  ci 
rents  of  positive  and  negative  electricity  may  be  conceit 
drcnlating  within  the  metals,  and  bo  described  by  referei 
to  the  direction  of  their  motion ;  this  indeed  would  be  a  i 
ferent  phenomenon  from  those  we  have  been  considering ;  1 
without  some  distinction  between  the  two  substances  in  qu) 
Uy  or  direction,  the  electrical  effects  are  indoseribable,  if 
inconceivable. 

When,  however,  homogeneous  bodies  are  fractured 


rEnecf  %^  ■fifeara^ 


ft  rubbed  togetber,  p 
teim  electricity  is  applied ; 
the  point  of  friction  wfaicfi 
ntliera  phosphorescent. 

I  have  mjBclf  obaerred  »  reHwifcsUe  emae  of  die  Had  m 
the  caoutchouc  bbrtc  oaw  ttrauaoaij  ued  for  wateiprvot 
clothing :  if  two  folds  <rf'  this  mbrtiiwrr  be  allowed  lo  oolKfs 
BO  as  partly  to  onite  and  pccaent  a  difficnl^  of  MfOfUMO, 
then,  OD  stripping  the  one  from  tbe  other,  or  tearing  ihcm 
asunder,  a  line  of  tight  will  foDow  tbe  line  of  Beparatkw. 

If  this  class  of  phenomeaa  be  electrical,  it  is  ekdrici^ 
detcrnuDcd  as  it  is  geoeraled ;  there  it  no  dral  dtaractCT  inn 
pressed  on  the  matter  ixting,  tbe  thA  is  electrical  as  a  spark 
{torn  tbe  pcrcoesion  of  fiint  is  de>;trical,  or  as  tbe  slow  cod>- 
bastion  of  phosphorus,  or  anj  other  eBf«  of  the  derelcipiiwDt 
of  heat  and  light.  It  seeim  to  be  better  lo  dsas  this  pbe- 
nomcnon  under  the  categories  of  heat  and  light  than  andei 
tbat  of  electricity,  the  latter  word  being  retained  for  thoM 
c»ses  where  a  dual  or  polar  character  of  force  is  tnonifcsted. 
In  experiments  which  have  been  made  by  the  friction  of  sint- 
ilar  flubstanccs  where  the  one  appears  positively  and  the 
jthor  negatively  electrical,  thure  will  be  fonnd  some  diiler- 
ence  in  the  mode  of  rubbing  by  which  tbe  molecular  slate  of 
tiie  bodies  iii  in  all  probability  changed,  making  one  a  dissim- 
ilar substance  from  the  other ;  thus  it  is  said  by  Bergmaim, 
that  when  two  pieces  of  glass  are  rubbed  so  that  all  (he  parts 
of  one  pass  over  one  part  of  the  other,  the  former  is  positive 
and  the  latter  negative.  It  is  obvions  that  in  this  ca^  the 
rubbing  in  one  is  confiDBd  to  a  line,  and  that  must  be  more 
altered  in  moleculnr  structore  at  the  line  of  friction  than  the 
one  where  the  friction  is  spread  over  the  whole  surface :  so 
■f  a  ribbon  bo  drawn  transversely  over  another  ribbon,  the 
■tibstances  are  not,  qua  the  rubbing  action,  identical ;  so 
bgain,  in  the  rupture  of  crystals,  we  are  dealing  with  Kib- 
rtiwrnii  having  a  ptilar  arrangement  of  particles — the  surfiiees 
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of  tha  fragments  cannot  bo  oeanmed  to  bo  molccnlnrly  ideDtJ* 

Clll. 

Tlio  devolopemcnt  of  electricity  by  t.be  common  electrical 
niuuhino  arises,  as  far  ag  I  can  undersland  it,  Irom  the  scpiii* 
ration  or  nipluro  of  contiguity  between  diesimiJar  bodies ;  a 
metallic  am-faco,  the  amulgam  of  the  cuehioa,  ia  in  contact 
with  glass ;  iheeo  two  bodioa  act  upon  each  other  by  the  force 
of  cohesion ;  and  when,  by  an  external  niechanii-al  force, 
tliis  is  nijiturcd,  ns  it  is  at  each  moment  of  the  motion  of  the 
glass  plalo  or  cylinder,  electricity  ia  developed  in  each ;  -were 
thoy  Bimllar  bodies,  heat  only  would  be  deTeloped. 

According  to  the  experimenls  of  Mr.  Sullivan  electridty 
may  be  produced  by  vibration  alone  if  the  eubBlance  vibraf 
ting  be  composed  either  of  diBsimilar  metals,  as  a  wire  partly 
of  iron  and  partly  of  brass  eousod  to  emit  a  muaical  sound; 
or  of  the  same  metal,  if  its  parts  be  not  homogeneous,  as  a 
piece  of  iron,  one  portion  of  which  is  hard  and  crystallised 
and  the  other  soil  and  librous ;  the  current  resulting  appears 
to  be  due  to  the  vibration,  and  not  to  beat  engendered,  aa  it 
coascs  immediately  with  the  vibration. 

Wo  may  say,  then,  that  in  our  present  state  of  knowledge, 
where  the  mutually  impinging  bodies  are  homogeneouB,  heat 
and  not  electricity  is  the  result  of  friction  and  percussion ; 
where  the  bodies  impinging  ore  beterogcneons,  we  may  safely 
slate  that  electricity  is  always  produced  by  friction  or  percn»- 
sion,  although  heat  in  a  greater  or  leas  degree  accompaDi«B 
it  I  but  when  we  come  to  the  question  of  ratio  in  which  frie- 
tional  electricity  is  produced,  as  determined  by  tlio  difierent 
characters  of  the  substances  employed,  we  find  very  complex 
results.  Bodies  may  differ  in  so  many  particulars  which  in- 
fluence more  or  less  the  devcliipemcnt  of  electridty,  such  as 
their  chemical  constitution,  the  state  of  their  surfaces,  their 
state  of  aggregation,  their  transparency  or  oparaty,  their 
power  of  conducting  electricity,  &c.,  that  the  norma  of  their 
action  are  very  dlfGcult  of  attainment.     Aa  a  general  mle,  U 
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f  be  eaid  that  the  developemeot  of  electricity  is  greater 

i  BvibstMnxa  employed  are  broadly  di^inet  in  thoir 

i  and  cfacnucsl  qo&litie^,  and  mnre  porticulai-lT  in  tlitiir 

ing  powers ;  bnt  up  to  the  preeeut  time  the  laws  gov- 

li  developement  hare  not  been  even  approxinutt«lj 

ined. 

I  have  eajd,  in  referenca  to  the  various  forces  or  afieclioas 
of  matter,  that  either  of  them  mar,  mediatdtf  or  ivimediattly, 
produce  the  others  ;  and  this  is  all  I  can  yenture  to  predicate 
of  tliem  in  the  present  state  of  science  ;  but  afler  mnch  con- 
siileratioQ  I  incline  strongly  to  the  opinion  that  science  is  rap- 
idly progressing  towards  the  establishment  of  inunediate  or 
direct  relations  between  all  these  forces.  Whore  at  present 
no  immediate  relation  is  established  between  any  of  them, 
electricity  generally  forms  the  intervening  link  or  middle 
term. 

Motion,  then,  will  directly  produce  heal  and  ehctridty, 
and  electricity,  being  produced  by  it,  will  produce  magnetism 
— a  force  which  is  always  deTclopcd  by  eloctpical  currents  at 
right  angles  to  the  direction  of  those  currents,  as  will  be  aub- 
seqnehtly  more  fully  explained.  LigJtt  also  is  readily  pro- 
duced by  motion,  either  tfectly,  as  when  accompanying  the 
heat  of  Mction,  or  mediately,  by  electricity  resulting  from 
motion  ;  as  in  the  electrical  spark,  which  has  most  of  the  at- 
tributes of  solar  light,  differing  from  it  only  in  those  respocls 
in  which  light' differs  when  emanating  from  ditlereut  sources 
or  Been  Ihrongh  different  media;  for  instance,  in  the  position 
of  the  fixed  lines  in  the  spectrum  or  in  the  ratios  of  the  spaces 
occupied  by  rays  of  different  refrangibiliiy.  In  the  decom- 
positions and  compositiona  which  the  terminal  points  proceed- 
ing from  the  conductors  of  an  electrical  machine  dcvclope 
when  immersed  in  different  cliemical  media,  we  get  the  pro- 
duction of  chcimcal  affinity  by  electricity,  of  which  motion  is 
the  initial  source.  Lastly,  moliojt  may  be  again  reproduced 
^  the  forces  which  have  emanated  fi'om  motion  ;  thus,  iba 


88  COBRELATION  01   FHY8I0AL  F0BGE8. 

divergence  of  tbc  electrometer,  the  revolntion  of  the  electri* 
cal  wheel,  the  deflection  of  the  magnetic  needle,  are,  when 
re8ulting  from  frictional  electricity,  palpable  movements  re- 
produced bv  the  intermediate  modes  of  force,  which  have 
themselves  been  originated  by  motion. 


t ' 


III.— HEAT. 

IF  we  now  take  Heat  as  our  starting  point,  we  shall  find 
that  the  other  modes  of  force  may  be  readily  produced  by 
it.  To  take  motion  first :  this  is  so  generally,  I  think  I  may 
say  invariably,  the  immediate  efiect  of  heat,  that  we  may  almost, 
if  not  entirely,  resolve  heat  into  motion,  and  view  it  as  a 
mechanically  repulsive  force,  a  force  antagonist  to  attraction 
of  cohesion  or  aggregation,  and  tending  to  move  the  particles 
of  all  bodies,  or  to  separate  them  from  each  other. 

It  may  be  well  here  to  premise,  that  in  using  the  terms 
*  particles  *  or  '  molecules,'  which  will  be  frequently  employed 
in  this  Essay,  I  do  not  use  them  in  the  sense  of  the  atomist, 
or  mean  to  assert  that  matter  consists  of  indivisible  particles 
or  atoms.  The  words  will  be  used  for  the  necessary  purpose 
of  contradistinguishing  the  action  of  the  indefinitely  minute  phy- 
sical elements  of  matter  from  that  of  masses  having  a  sensi- 
ble magnitude,  much  in  the  same  way  as  the  term  '  lines '  or 
^  points  *  may  be  used,  and  with  advantage  in  an  abstract 
sense ;  though  there  does  not  exist,  in  fact,  a  thing  which  has 
Jength  and  breadth  without  thickness,  and  though  a  thing  with- 
out parts  or  dimensions  is  nothing. 

If  we  put  aside  the  sensation  which  heat  produces  in  our 
own  bodies,  and  regard  heat  simply  as  to  its  efiects  upon  in« 
organic  matter^  we  find  that,  with  a  very  few  exceptions,  which  I 
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shall  presently  notice,  the  effects  of  what  is  called  hent  «r* 
ainiply  an  expiinaion  of  the  matter  acted  upon,  and  (hut  tba 
matter  bo  expanded  haa  the  power  by  its  own  contraction  of 
communicatiDg  expansion  to  all  bodiea  in  contiguity  with  it. 
Thus,  if  the  body  be  a  solid,  for  instance,  iron,  a  liquid,  gay 
■water,  or  a  gas,  say  atmospheric  air — each  of  these,  when 
heated,  is  expanded  in  every  direction ;  in  the  two  i'ormef 
cascB,  by  increasing  the  heat  to  a  certain  point,  we  change 
the  physical  character  of  the  Buhstance,  the  solid  becomes  a 
liquid,  and  the  liquid  hecomes  a  gas  ;  these,  however,  are 
still  oxpanaiona,  particularly  the  latter,  when,  at  a  certain 
period,  the  expansionbecomearapidly  and  indefinitely  greater. 
But  what  is,  in  fact,  conunonly  done  in  order  to  heat  a  sub- 
stance, or  to  increase  the  heat  of  a  substance  ?  it  is  merely 
approximated  to  some  other  heated,  that  is,  to  some  other 
expanded  gnbatancc,  which  latter  is  cooled  or  contracted  as 
the  former  expands.  Letusnow  divest  the  mind  of  the  impres- 
sion that  heat  is  in  itself  anything  substantive,  and  suppoGCT 
that  these  phenomena  are  regarded  for  the  first  time,  an* 
without  any  preconceived  notions  on  the  subject ;  lot  us  in-' 
troduco  no  hypothesis,  hut  merely  express  as  simply  as  we 
oan  the  facta  of  which  we  have  become-  cognisant ;  to 
do  they  amoimt?  to  this,  that  matter  has  pertaining  to 
molecular  repulsive  power,  a  power  of  dilatation,  which  iS 
communicable  by  contiguity  or  proximity. 

Heat  thus  viewed,  is  motion,  and  this  molecular  motiot^ 
we  may  readily  change  into  the  motion  of  masses,  or  modoi 
in  its  most  ordinary  and  palpable  form :  for  example,  in  t 
steam  engine,  the  piston  and  all  its  concomitant  masses 
matter  are  moved  by  the  molecular  dilatation  of  the  vapour 

To  produce  continuous  motion  there  must  be  an  altemaH 
•diuii  of  heat  and  cold  ;  a  given  portion  of  air,  for  instan< 
heatod  beyond  tlie  tcmpcrntni'c  of  the  circumambient  air, 
•xpanilod.     If  now  it  be  made  to  act  on  a  movable  pis'')n, 
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B  this  to  a  point  at  wliicli  the  tension  or  elastic  force  of 
li  air  eqiuils  tiiaX  of  the  aurroimiiing  air.  If  tha 
r  be  kept  ttt  this  poiol,  the  piaton  Tvould  retuaiu 
;  but  ii'  it  be  cooled,  the  external  air  excrelsiug 
n  a  greater  relatire  degree  of  pressorc,  the  piston  retiima 
:irigiiial  position  ;  just  an  it  will  be  seen,  when  ne 
D  the  magnetic  force,  that  a  magnet  placed  in  a  partio 
ular  position  produces  motion  in  iron  near  it,  but  to  make 
this  motion  coDtinuona,  or  to  obtain  an  available  mechanical 
power,  the  magnet  must  be  demagnetised,  or  a  stable  equili- 
3  obtained. 

I:3ii  the  case  of  the  pistoD  moved  by  heated  air  the  motion 
s  becomes  the  exponent  of  the  amount  of  heat— 
ye,  of  the  expansion  or  separation  of  the  molecules ;  nor  do 
!,  bj  any  of  our  ordinary  methods,  lest  heat  in  any  other 
(Sy  than  by  its  purely  dynamical  action.  The  various  modi- 
s  of  the  thermometer  and  pyrometer  are  all  measur- 
(» of  heathy  motion:  ia  those  instruments  liquid  or  solid 
e  expanded  and  elongated,  i.  e.  moved  in  a  definite 
Kction,  and,  either  by  their  own  visible  motion,  or  by  ibe 
n  attadied  index,  communicate  to  our  senses  the 
ml  of  the  force  by  which  they  moved.  There  are,  in- 
Md,  some  delicate  experim.enl8  which  tend  to  prove  that  a 
olsive  action  between  eeparale  masses  is  produced  by  heat. 
lel  found  that  mobile  bodies  heated  in  an  exhausted  re- 
r  repelled  each  other  to  sensible  distances ;  and  Baden 
rell  foimd  that  the  coloured  rings  usually  called  Newton's 
8  change  their  breadth  and  position,  when  the  glasses  be- 
a  which  they  appear  are  heated,  in  a  manner  which 
red  that  the  glasses  repelled  each  other.  M.  Faye's  the- 
f  comets  is  based  on  some  such  repellent  force.  There 
^  however,  some  dlificulty  in  presenting  these  phenomena  to 
the  same  aspect  as  the  molecular  repulsive  action 

y  The  phenomena  of  what  is  termed  latent  heat  have  beev 
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generally  considered  as  strongly  in  favour  of  that  view  whick 
regards  heat  either  as  actual  matter,  or,  at.  all  events,  as.  a 
substantive  entity,  and  not  a  motion  or  affection  of  ordinary 
matter. 

The  hypothesis  of  latent  matter  is,  I  venture  with  diffi- 
dence to  think,  a  dangerous  one — ^it  is  something  like  the  old 
principle  of  Phlogiston,  it  is  not  tangible,  visible,  audible ; 
it  is,  in  fact,  a  mere  subtle  mental  conception,  and  ought,  I 
submit,  only  to  be  received  on  the  ground  of  absolute  neces- 
sity, the  more  so  as  these  subtleties  are  apt  to  be  carried  on 
to  other  natural  phenomena,  and  so  the^^add  to  the  hypothe- 
tical scaffolding  which  is  seldom  requisite,  and  should  be 
sparingly  used,  even  in  the  early  stages  of  discovery.  As  an 
instance,  I  think  a  striking  one,  of  the  injurious  effects  of 
this,  I  will  mention  the  analogous  doctrine  of  '  invisible  light ;  * 
and  I  do  this,  meaning  no  disrespect  to  its  distinguished  au- 
thor, any  more  than  in  discussing  the  doctrine  of  latent  heat, 
I  can  be  supposed,  in  the  slightest  degree,  to  aim  at  detract- 
ing from  the  merits  of  the  illustrious  investigators  of  the  facts 
which  that  doctrine  seeks  to  explain.  Is  not  ^  invisible  light,' 
a  contradiction  in  terms  ?  has  not  light  ever  been  regarded  as 
that  agent  which  affects  our  visual  organs  ?  Invisible  light, 
then,  is  darkness,  and  if  it  exist,  then  is  darkness  light.  I 
know  it  may  be  said,  that  one  eye  can  detect  light  where 
another  cannot ;  that  a  cat  may  see  where  a  man  cannot ;  that 
an  insect  may  see  where  a  cat  cannot ;  but  then  it  is  not 
invisible  light  to  those  who  see  it:  the  light,  or  rather  the 
object  seen  by  the  cat,  may  be  invisible  to  the  man,  but  it 
is  visible  to  the  cat,  and,  therefore,  cannot  abstractedly  be 
said  to  be  invisible.  If  we  go  ftirther,  and  find  an  agent 
which  affects  certain  substances  similarly  to  light,  but  does 
not,  as  far  as  we  are  aware,  affect  the  visual  organs  of  any 
animal,  then  is  it  not  an  erroneous  nomenclature  which  calls 
such  an  agent  light?  There  are  many  cases  in  which  a  de- 
viation from  the  once  accepted  meaning  of  words  has  so  grad^ 
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ually  entered  into  common  usage  as  to  be  nnayoidable,  but  I 
venture  to  think  that  additions  to  such  cases  should  as  far 
as  possible  be  avoided,  as  injurious  to  that  precision  of  lan- 
guage which  is  one  of  the  safest  guards  to  knowledge,  and 
firom  the  absence  of  which  physical  science  has  materially 
suffered. 

Let  us  now  shortly  examine  the  question  of  latent  heat, 
and  see  whether  the  phenomena  cannot  be  as  well,  if  not 
more  satisfactorily,  explained  without  the  hypothesis  of  la- 
tent matter,  an  idea  presenting  many  similar  difficulties  to 
that  of  invisible  light,  though  more  sanctioned  by  usage. 
Latent  heat  is  supposed  to  be  the  matter  of  heat,  associated, 
in  a  masked  or  dormant  state,  with  ordinary  matter,  not  ca- 
pable of  being  detected  by  any  test  so  long  as  the  matter  with 
which  it  is  associated  remains  in  the  same  physical  state,  but 
communicated  to  or  absorbed  from  other  bodies,  when  the 
matter  with  which  it  is  associated  changes  its  state.  To 
take  a  common  example :  a  pound  or  given  weight  of  water 
at  172°,  mixed  with  an  equal  weight  of  water  at  32°,  wiU 
acquire  a  mean  temperature,  or  102°  ;  while  water  at  172°, 
mixed  with  an  equal  weight  of  ice  at  32°,  will  be  reduced  to 
82°,  By  the  theory  of  latent  heat  this  phenomenon  is  thus 
explained : — In  the  first  case,  that  of  the  mixture  of  water 
with  water,  both  the  bodies  being  in  the  same  physical  state, 
no  latent  heat  is  rendered  sensible,  or  sensible  heat  latent ; 
but  in  the  second,  the  ice  changing  its  condition  from  the  solid 
to  the  liquid  state  abstracts  from  the  liquid  as  much  heat  as 
it  requires  to  maintain  it  in  the  liquid  state,  which  it  renders 
latent,  or  retains  associated  with  itself,  so  long  as  it  remains 
liquid,  but  of  which  heat  no  evidence  can  be  afforded  by  any 
thermoscopic  test. 

I  believe  this  and  similar  phenomena,  where  heat  is  con- 
nected with  a  change  of  state,  may  be  explained  and  dis- 
tinctly comprehended  without  recourse  to  the  conception  of 
latent  heat,  thoagh  it  requires  some  effort  of  the  mind  to  di* 
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vest  itsolf  of  this  idea,  &ud  to  view  tlie  phenomena  aimply  ia 
liicir  dynamical  relations.  To  assist  us  in  so  viewing  them, 
let  uB  first  parallel  with  purolj,  meclianical  actions,  certain 
simple  eftects  of  heat,  whore  change  of  state  (1  mean  such 
change  as  from  the  solid  to  the  liquid,  or  liquid  lo  the  gast^ 
OUB  slate)  is  not  concerned.  Thus,  place  wilhin  a,  receiver  a 
bladder,  and  heat  (he  air  within  to  a  higher  temperature 
than  that  without  it,  the  bladder  expands ;  so,  force  the  air 
mechanically  Into  it  by  the  air-pump,  the  bladder  expands ; 
cool  the  air  on  the  outside,  or  remove  its  pressui'e  mechani- 
cally by  an  oxhausting  pump,  the  bladder  also  expands ;  cott- 
versely,  increase  the  external  repellent  ibrce,  either  by  heat 
or  mechanical  pressure,  and  the  bladder  contracts.  In  tlte 
mechanical  etfects,  the  force  which  produced  the  distension, 
is  derived  from,  and  at  the  expense  of,  the  meclianical  power 
employed,  as  from  muscular  force,  from  gravitation,  from  the 
reacting  eluaticity  of  sprifiga,  or  any  similar  force  by  which 
the  air-pump  may  be  worked.  In  the  heating  effecta,  the 
force  is  derived  from  the  chemical  action  in  the  lamp  of 
Bom-ce  of  heat  employed. 

Let  us  next  consider  the  experiment  so  arranged  that  the 
force,  which  produces  expansion  in  the  one  case,  produces  a 
correlative  contraction  in  the  other ;  thus,  if  two  bladders, 
■  with  a  connecting  neck  between  them,  ho  half-filled  with  air, 
as  the  one  is  made  to  contract  by  pressure  the  other  wjU  di- 
late, and  vice  versa  ;  so  a  bladder  partly  filled  with  cold  air, 
and  contained  within  another  filled  with  hot  air,  expands, 
whUo  the  space  between  the  bladders  contracts,  exhibiting  a 
mere  transfer  of  the  same  amount  of  repulsive  force,  the 
mobility  of  the  particles,  or  their  mutual  attraction,  being 
the  same  in  each  body  ;  in  other  words,  the  repulsive  foroa 
acts  in  the  direction  of  least  resistance  untU  equilibrium  ia 
produced  ;  it  then  becomes  a  static  or  balanced,  instead  of  a 
dynamic  or  motive  force. 

Let  us  now  consider  the  ^ase  where  a  nolid  is  to  bo 
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liquid,  or  a  liquid  to  a  gaa ;  lierc  n  inucli  greitt- 
heat  or  repulaive  foree  is  required,  on  tMvironnt 
of  the  cohesion  of  Ihe  particles  to  be  separaiwl.  In  ordur  to 
eeparate  the  particles  of  the  solid,  preciaoly  as  intjfli  for*io 
must  be  parted  with  by  the  warmer  liquid  body  a&  kt-'ep«  an 
equal  quantity  of  it  in  its  liquid  stutc  ;  it  is,  indeed,  only  with 
a  more  striking  line  of  demarcation,  the  case  of  the  hot  and 
cold  bladder — a  part  of  the  repellent  power  of  the  hot  parli- 
cles  is  transferred  to  the  cold  particles,  and  separated  ihcm  in 
their  turn,  but  the  antagonist  force  of  cohesion  orag^^'cf-aijon 
necessary  to  be  overcome,  being  io  this  case  much  stronger, 
requires  and  exhausts  an  exactly  proporlionftt«  amount,  of 
repellent  force  mechanically  to  overcome  It ;  hence  the  differ^ 
ent  effect  on  a  body  such  as  the  common  tliertnomet^r,  thu 
expanding  liquid  of  which  does  not  undurgo  a  simihir  chniif^ 
of  state.  Thus,  in  the  example  above  given,  of  thu  mixtura 
of  cold  with  hot  water,  the  hot  and  cohi  wuter  ami  tho 
mercury  of  the  thermometer  being  all  in  a  liquid  Ktalc  before, 
and  remaining  so  after  contact,  the  resulting  Icmperstiire  is 
on  exact  mean  ;  tlie  hot  water  contracts  to  a  certain  extent, 
the  'cold  water  expands  to  the  same  extent,  and  the  tlit;r^ 
mometer  either  sinks  or  rises  the  same  number  of  dogrocB, 
accordingly  as  it  had  been  previously  immersed  in  the  cold 
or  in  the  hot  solution,  its  mercury  gaining  or  losing  an  equiva- 
lent of  repellent  force.  In  the  second  instance,  vi/.  the  mix- 
ture of  ice  with  hot  water,  tlie  substance  we  use  ne  nn  indi- 
cator, i.  e.  mercury,  docs  not  undergo  the  same  physical 
change  as  llioae  whose  relations  of  volume  we  are  examining. 
The  force — viewing  heat  simply  as  mechanical  force — which 
is  employed  in  loosening  of  tearing  aanndcr  tlio  particles  of 
the  solid  ice,  ia  abstracted  from  the  liquid  walor,  and  frtjm 
the  liquid  mercury  of  the  thermometer,  and  in  proportion  a^ 
this  force  meets  with  a  greater  resistance  in  sejurntin^ 
ttie  particles  of  a  eolid  than  of  a  liquid,  so  thu  bodies 
which  yield  the  force  suffer  proportioualely  a  grea'or  con* 
traction. 


wart*r  jjiii  mfttr^tirv.  jloae.  ;iniL  ihrow  >»xc  ot  oar  eoosideratioQ 
zh&  'jx*  "v^i  siukU  b«  tLcie  jO  iLppij  ^oe  jajme  view :  ihuSj  if  a 
:ri^»i!i  ^;<ir%  <:c  aea:  b«  azpliii«i  ju  waser  eonrAinfng  &  merco* 
rial  meirm: deter.  b«:ciL  toe  -sri&idr  aoii  imsrcizrr  gradnaDv  ex- 
piLZiL  OTH  Li  'ii:f»=r=nt  -iesrees :  ai  &  cenain.  point  the  mttm^ 
U'^'i  :orr:ti  ot  che  c3oLa:GLt»  oc  che  wacer  b  so  Smt  OTerconM 
dios  the  vaccr  be^oise:}  v^^^or.  As  chLs  poizu,  the  heat  or 
t'^r^.  zneednz  wiih.  m.'iidi  Ie;»  resi^uuice  Qrom  the  attracticm 
ot*  the  pamt:Ie«  ot  sikaid,  thaa  ^3111  chAxe  of  the  mercaiyy  ex- 
penfi«  ii^It  iqmD.  the  ibrxner :  the  mercorv  does  act  farther 
expand,  or  expands  in  an  infiniceaznallT  small  di^ree,  and 
the  Keam  expanils  greatlj.  As  soon  as  this  arrives  at  a 
p^/int  where  circamambient  pressoie  caoses  its  resistance  to 
t'rirth«:r  expazLsion  to  be  equal  to  the  resistance  to  esqiansion 
in  the  m*:rciirv  of  the  thermometer,  the  latter  again  rises, 
and  20  both  go  on  expantling  in  an  inTerse  ratio  to  their 
molecular  attraetire  fierce.  If  the  circamambient  pressure  be 
iucrea:^.  as  bv  confining  the  water  at  the  conuuencement 
of  the  experiment  within  a  less  expansible  bodj  than  itself, 
such  &fi  a  metallic  chamber,  then  the  mercury  of  the  ther- 
mometer continues  to  rise ;  and  if  the  experiment  were  con- 
tinued, the  water  being  confined  and  not  the  mercury,  until 
we  have  arrived  at  a  degree  of  repulsive  force  which  is  able 
U}  overcome  the  cohesive  power  of  the  mercury,  so  that  this 
expanfls  into  vapour,  then  we  get  the  converse  effect ;  the 
force  expcufls  itself  upon  the  mercury,  which  expands  in- 
definitely, as  the  water  did  in  the  first  case,  and  the  water 
d^ics  not  expand  at  all. 

Anotlier  very  usual  mode  of  regarding  the  subject  may 
euibarras  at  fir.st  sight,  but  a  little  consideration  will  show 
that  it  is  explicable  by  the  same  doctrine.  Water  which  has. 
ice  floating  in  it  will  give,  when  measured  by  the  thermo- 
meter, tlie  same  temperature  as  the  ico ;  i.  e.  both  the  water 
and  ice  contract  tlic  mercury  of  the  thermometer  to  the  point 
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conventionally  inarketl  as  32°.  It  ma^  be  said,  how  is  this 
reconcileable  with  tho  dynamical  doctriae,  for,  according  lo 
that,  the  solid  aliould  take  from  the  mercury  of  the  tLer- 
mometcr  more  repulsive  power  than  the  liquid ;  conse- 
quently, the  ice  ahonld  contract  the  mercury  more  than  the 

My  answer  is,  that  in  the  proposition  as  thus  stated,  the 
quantities  of  the  water,  ice,  and  mercury  are  not  taken  into 
eonside ration,  and  hence  a  necessai-y  dynamical  element  ii 
neglected:  if  the  element  of  quantity  be  included,  this  objec- 
tion will  not  apply.  Let  the  thermometer,  for  instiuice,  coa- 
tain  13  oz.  of  mercury,  and  stand  at  100''  ;  if  placed  in  ooo- 
lact  with  an  unlimited  quantity  of  ice  at  32"^,  the  mercury 
wiU  sink  to  32^,  If  the  same  thermometer  be  immersed  in 
an  unlimited  quantity  of  water  at  32'',  the  mercury  sinks  also 
to  32^ ;  not  absolutely,  perh^ie,  because,  however  great  the 
quantity  of  water  or  ice,  it  will  be  somewhat  raised  in  tem- 
perature by  the  warmer  mercury.  ITiis  elevation  of  tempera- 
ture above  32°  will  be  smaller  in  proportion  as  tho  quiintity 
of  water  or  ice  is  larger  than  the  quantity  of  mercury  ;  and, 
OS  wc  know  of  no  intermediate  state  between  ice  and  water, 
the  contact  of  a  thermometer  at  a  temperature  above  the 
freezing  point  with  any  quantity  of  ice  esaetly  at  the  freezinjj 
point  would,  theoretically  speaking,  hquefy  the  whole,  pn>- 
vided  it  had  sufficient  time  ;  for  aa  every  portion  of  that  ico 
would  in  time  have  its  temperature  raised  by  the  contact  of 
the  warmer  body,  and  as  any  elevation  of  temperature  abova 
the  freezing  point  liquefies  ice,  every  portion  should  be  lique- 
fied. Practically  speaking,  however,  in  both  cases,  that  of 
the  water  and  of  the  ice,  when  the  quantity  is  indefinitely 
great  the  thermometer  falls  to  32", 

Now  place  the  same  thermometer  at  100',  successively 
in  one  oz.  of  water  at  32°,  and  in  one  of  ice  at  32'"' ;  we  shall 
find  in  the  former  cose  it  will  be  lowered  only  to  54°,  and  iu 
the  latter  to  32°  :  apply  to  this  the  doctriue  of  repulsive  force, 
and  we  get  R  satisfactory  esplauation. 
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la  tbe  Grst  case,  the  quantities  both  of  ice  and  water  b»- 
ing  indefinitely  great  in  respect  to  tlie  mcrciuy,  each  reduoes 
it  to  its  DWD  temperature,  viz.  32°,  and  tlie  ice  cannot  reduce 
the  mercury  below  32^,  because  it  would  receive  back  repol- 
eive  power  Irom  Ihe  newly  formed  water,  and  tliis  would  be- 
come ice  ;  in  the  second  case ,  where  the  quantities  are  limited, 
tlie  laercury  does  lose  more  repulsive  power  by  the  ice  than  by 
tlie  water,  and  the  observations  made  in  reference  to  the  firat" 
illustration  apply. 

The  above  doctrine  is  beautifully  instanced  in  the  experi- 
mcQt  of  Thilorier,  by  which  carbonic  acid  is  solidified.  Car- 
bonic acid  gas,  retained  in  a  strong  vessel  under  great  pres- 
Hure,  is  allowed  to  escape  from  a  small  orifice  ;  the  sudden 
expansion  requires  so  great  a  supply  of  force,  that  in  fumlshr 
ing  the  demands  of  the  expanding  gas  certain  other  portions 
of  the  gas  contract  to  such  an  extent  aa  to  solidify :  thus,  we 
have  reciprocal  expansion  and  contraction  going  on  in 
and  the  same  substance,  the  time  being  too  limited  for  the 
whole  to  assume  a  uniform  temperature,  or  in  other  words,  ( 
uniform  extent  of  expansion. 

It  has  been  observed  wirh  reference  to  heat  thus  viewed 
that  it  would  be  as  correct  to  say,  that  heat  is  absorbed,  oj 
cold  produced  by  motion,  as  that  heat  is  produced  by  it.  This 
difficulty  ceases  when  ttie  mind  has  been  accustomed  to 
gard  heat  and  cold  aa  tbeooselves,  motion  ;  i.  c.  as  correlative 
ex]ianBions  and  contractions,  each  being  evidenced  by  relation, 
and  being  inconceivable  as  an  abstraction. 

For  instance,  if  the  piston  of  an  aiivpump  he  drawn  down 
by  a  weight,  cold  is  produced  in  the  receiver.  It  may  be  here 
said  ttiat  a  mechanical  force,  and  the  motion  consequent  npOD 
it,  proiluces  cold  ;  but  hea,t  is  produced  on  the  opposite  aide 
of  the  piston,  if  a  receiver  be  adapted  so  as  to  retain  fhe  a 
pressed  air.  Assuming  them  to  equivahse  each  other,  the 
force  of  the  falling  weight  woidd  be  expressed  by  the  beat  of 
friction  of  the  piston  against  its  tube,  and  by  tbe  tension  or 
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power  of  reaclion  of  the  compressed  against  the  dilated  air. 
If  tJie  heat  due  to  compression  be  made  to  perform  mechani- 
cal work,  it  would  pro  lanlo  be  consumed,  and  could  not 
restore  tlie  temperitture  to  the  dilated  air;  but  if  it  perform 
no  work,  no  lieat  is  loet.  Mr.  Joule  lias  experimentally ' 
proved  tliis  proposition. 

In  commencing  the  subject  of  heat,  I  asked  my  reader  to 
pot  out  of  consideration  the  sensations  wliich  heat  produces 
in  our  own  bodies ;  I  did  this  because  these  sensations  are 
likely  to  deceive,  and  have  deceived  many  as  to  the  nature  of 
heat.  These  sensations  are  themselves  occasioned  by  sinu- 
lar  expansions  to  those  wliich  we  have  heen  considering ;  the 
liquids  of  the  body  are  expanded,  i.  e.  rendered  less  viscid  by 
faeat,  and  from  their  more  ready  flow,  we  obtain  the  sensation 
of  agreeable  warmth.  By  a  greater  degree  of  heat,  their  ex- 
pansion becomes  too  great,  giving  rise  to  a  sense  of  pain,  and, 
if  pushed  to  extremity,  as  with  the  heat  which  produces  a 
bum,  the  liquids  of  the  body  are  dissipated  in  vapour,  and  an 
injury  or  destruction  of  the  organic  structure  takes  place.  A 
similar  though  converse  effect  may  be  produced  by  intense 
cold ;  the  application  of  frozen  mercury  to  the  animal  body 
produces  a  bum  similar  to  that  produced  by  great  heat,  and 
accompanied  with  a  similar  sensation. 

Doubtless  other  actions  than  those  above  mentioned  inter- 
fere in  producing  the  sensations  of  heat  and  cold  ;  but  I  think 
it  will  be  seen  that  these  will  not  affect  the  arguments  as  to 
the  nature  of  heat.  The  phenomenal  effects  will  be  fonid 
unaltered  :  heat  will  still  be  found  to  be  expansion,  cold  to  be 
contraction  ;  and  the  expansion  and  contraction  are,  as  witli 
the  two  bladders  of  air,  correlative — i.  e.  we  cannot  expand 
one  body,  a,  without  contracting  some  other  body,  b  ;  wa 
eannot  contract  A  without  expanding  b,  assuming  that  we  view 
the  bodies  with  relation  to  heat  alone,  and  suppose  no  other 
force  to  be  manifested. 

I  have  said  tliat  there  arc  few  exceptions  as  to  heat  being 
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iSlwaya  manifested  by  an  expaneion  of  matter.     One  cIubb  of 
iptions  ia  only  apparent:    moist  clay,  animal  or 

-Tegotable  fibre,  and  other  substances  of  a  mixed  nature, 
which  contain  matter  of  different  characters,  some  of  which  ia 
more  and  some  less  volatile,  i.  e.  expansible,  are  contracted 
on  the  application  of  heat ;  this  ariEeg  from  the  more  volatile 
matter  being  dissipated  in  the  form  of  vapour  or  gas ;  and  the 
interstices  of  tlie  less  volatile  being  thus  emptied,  the  latter 
contracts  by  its  own  cohesive  attraction,  giving'  thus  a  prinu 
fecie  appearance  of  contraction  by  heat.  The  pyrometer  of 
Wedgwood  is  explicable  on  this  principle. 

The  second  class  of  eiceptiona,  though  much  more  limited 
in  extent,  is  loss  easily  explained.  Water,  liiscd  bismuth, 
and  probably  some  other  substances  (though  the  fact  as  to 
them  is  not  clearly  established),  expand  as  they  approach 
very  near  to  the  freezing  or  soliditying  point.  The  taoet 
probable  explanation  of  these  exceptions  is,  that  at  the  point 
of  maximum  density  the  molecules  of  tbese  bodies  assume  a 
polar  or  crystalline  condition  ;  that  by  the  particles  being 
thus  arranged  in  linear  directions  like  chevaux  de  frise, 
interstitial  spaces  are  left,  containing  matter  of  less  den- 
sity, so  that  the  epecifio  density  of  the  whole  mass  is  dimin- 


Some  recent  experiments  of  Dr.  TyndaU  on  the  physical 
iperties  of  ice  seem  to  favour  this  view.  When  a  sun* 
beam,  concentrated  by  a  lens,  is  allowed  to  fall  on  a  piece 
of  apparently  homogeneous  ice  the  path  of  the  rays  is  in- 
stantly studded  with  numerous  luminous  spots  like  minute  air 
bubbles,  and  the  planes  of  freezing  are  made  manifest  by 
these  and  by  small  fissures.  Stars  or  flower-like  figures  of 
six  petals  appear  parallel  to  the  planes  of  fL*eozing,  and  secm- 
iiigly  spreading  out  from  a  central  bubble.  These  flowen 
are  formed  of  water.  When  the  ice  is  melted  in  warm  water 
no  air  is  given  off  from  the  bubbles,  so  they  seem  to  be  va* 
cuons ;  it  is,  however,  possible  that  extremely  minute  partir 
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moA  tlie  experiments  twTC  not  raewcded  wlwn  repealed  br 
Tery  experienced  hands.  Wbe^her  this  be  m  or  not.  and 
whether  the  abore  eajlapation  of  the  exccptkHi  to  the  othei> 
wise  inTariable  efiect  of  expanstoa  hy  heat  be  or  be  not  re- 
garded as  admissible,  most  be  left  to  the  jndgmeni  of  each 
individual  who  thinks  npoa  the  sobjecl ;  at  all  ercnis,  no 
theory  of  Leat  yet  proposed  removes  the  ditficultj',  and  there- 
fore it  equally  oppoaes  every  other  view  of  the  plieuom- 
ena  of  heal,  as  it  does  that  which  I  have  here  wiisid- 
ered,  and  which  regardd  heat  ae  comiuuiucable  oxptmsivs 

Ab  certain  bodies  expand  in  frecung.  and  indeed,  under 
Hme  ^comstancea,  oeforo  ihey  arrive  at  the  tuuiporaluro  at 
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which  they  solidify,  we  get  tlie  apparent  anomaly  that  the 
motion  or  mechanical  force  generated  by  heat  or  change  of 
(emperature  is  reversed  in  direction  when  we  arrive  at  iha 
point  of  change  &oni  the  Eolid  lo  ihe  liquid  state.  Thus  a 
piece  of  ice  at  the  temperature  of  Zero,  Fahrenheit,  would 
expand  by  heat,  and  produce  a  mechimical  force  by  such  ex* 
pansion  until  it  arrivea  at  32  ;  but  then  by  an  increment  of 
Leat  it  contracts,  and  if  the  lirat  eixpan^ion  had  moved  a  pis- 
ton upwards,  the  subsequent  contraction  would  bring  it  back 
to  a  certain  extent,  or  move  it  downwards,  an  apparent  nega^ 
tion  of  the  force  of  heat. 

Again  with  water  above  40°,  i.  e,  ubove  its  point  of 
maximum  density,  a  progressive  increment  of  cold  or  decre- 
ment of  heat  would  produce  contraction  to  a  certain  point, 
and  then  expansion  or  a  mechanical  force  in  an  opposite  direc- 
tion. Thus  not  only  heat  or  the  expanBive  force  given  to 
other  bodies  by  a  body  cooling  would  be  given  out  by  wat«r 
freezing,  bat  abo  the  force  due  to  the  converse  expaasion  in  the 
body  itself,  and  force  would  ibna  seem  to  be  got  out  of  noth- 
ing :  but  if  water  in  a  confined  space  be  gradually  cooled,  the 
expansion  altendjint  on  its  cooling  aa  it  approaches  the  freez- 
ing point  would  occasion  pressure  amongst  its  particles,  and 
thence  tend  to  antagonise  the  force  of  dilatation  produced  in 
them  by  cooling,  or  to  resist  Iheir  tendency  to  freeze  ;  ot  in 
other  words,  the  pressure  would  tend  to  liquefaction,  and  con- 
versely to  the  usual  efleet  of  pres!?m-e,  produce  cold  instead 
of  heat,  and  thus  neutralise  some  of  tlie  heat  yielded  by  the 
cooling  body.  Hence  we  find  that  it  requires  a  lower  teift- 
perature  to  freeze  water  under  pressure  than  when  exempt 
from  it,  or  (hat  the  freezing  point  is  lowered  as  the  pressure 
increases  for  bodies  which  expand  in  freezing — an  effect  first 
predicted  by  Mr.  J.  Thompson,  and  experiment  ally  verified 
k  by  Mr.  W.  Thompson  ;  while  as  shown  by  M.  Bunsen,  the 
I  converse  effect  takes  place  with  bodies  which  contract  in 
I  ^ezing.     Here  the  pressure  cooperates  with  the  effects  of 
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1,  "both  lending  to  approxiinate  tho  particles,  anil  each  sub- 
BtHDCca  Bolidiiy  at  a  higher  lemperature  in  proportion  as  the 
pressure  is  greater  ;  eo  that  we  might  ospecl  a  body  of  this 
class,  which  under  the  orclinarj  pressure  of  the  ajr  ia  at  a 
temperature  just  above  its  freezing  point,  lo  solidiiy  by 
being  submitted  to  pressure  alone,  the  temperature  bein^ 
kept  constant. 

A  similar  class  of  cxcoplion  to  ihe  general  cfTect  of 
heat  in  expanding  bodies  is  presented  by  vuleaniEcd  caoiit- 
chonc.  This  has  been  observed  by  Mr.  Gough,  and,  in- 
deed, waa  pointed  oat  to  me  many  years  ago  by  Mr, 
Brockedon  to  be  heated  when  stretched,  and  cooled  when 
oastretched. 

Mr.  Joule  finds  that  its  specific  gravity  is  lower  when  ' 
stretched  than  when  unstrctched,  and  that  when  heated 
in  its  stretched  state  it  shortens,  presenting  in  this  par- 
ticular condition  a  similar  series  of  converse  relations  to 
those  which  are  presented  by  water  near  or  at  ita  freezing 
point. 

With  tlie  exception  of  this  class  of  phenomena,  which 
offer  difficulljes  to  any  theory  which  has  been  proposed,  the 
general  phenomena  of  heat  may,  I  believe,  be  explained  upon 
a.  purely  dynamicol  view,  and  more  satis factorily  than  by 
having  recourse  to  the  hypothesis  of  latent  matter.  Many, 
however,  of  the  phenomena  of  heat  arc  involved  in  much 
mystery,  particularly  those  coimectod  with  specific  heat  or 
that  relative  proportion  of  heal  which  equal  weights  of  differ- 
ent bodies  require  to  raise  them  from  a  jp.ven  temperature  to 
another  given  temperature,  which  appear  to  depend  in  some 
way  hitherto  inexphcable  npon  the  molecular  constitution  of 
differeht  bo<hes. 

The  view  of  heat  which  I  have  taien,  viz.  to  regard  it 
simply  OS  a  communicable  molecular  ropulsive  force,  is  sa[^ 
ported  by  many  of  the  phenomena  to  which  ihe  term  speciiio 
W  relative  heat  is  applied ;  for  example,  bodies  as  they  in- 


u 


OOEBHLATIOK   OF   PHTSICAL  FOEOES. 


^ 

I 
^ 


I  temperature  increase  in  speciiic  h.cat.  The  ratio 
of  this  incTcaee  in  Bpcciiic  heat  is  greater  with  solids  tban 
with  liiguids,  although  the  latter  are  more  dilatable ;  an 
efi'eot  probably  depending  upon  the  commencement  of  fiuiion, 
in,  those  metals  whose  rate  of  expansion  inereasea  moet 
rapidly  vrhei  they  gre  healed,  increase  moat  in  specific  heat; 
I  their  specific  heat  is  reduced  by  percussion,  wliich,  by 
■pprosimating  their  particles,  makes  tbem  specifically  m 
dense.  When,  howcTcr,  we  examine  substances  of  vei^ 
different  physical  characters,  we  find  that  their  specific  beata 
have  no  relation  to  their  density  or  rate  of  expansion  by 
heat ;  their  difiereaces  of  specific  heat  must  depend  upon 
their  intimate  molecular  constitution  in  a  manner  accotiat«d 
'  for  (aa  far  as  I  am  aware)  by  no  theory  of  heat  hithorta 
proposed. 

In  the  greater  number,  probably  in  aJl  solids  and  liquids, 
the  expansion  by  beat  is  relatively  greater  as  the  temperature 
s  higher ;  or,  preserring  the  view  of  expansion  and  contrac- 
tion, if  two  equal  portions  of  the  same  substance  be  jnxttv- 
sed  at  different  temperatures,  the  hotter  portion  will  con- 
tract a  little  more  than  the  colder  win  expand ;  irom  this 
;,  that  the  coefficient  of  expansion  increases  in  a  given 
body  witli  tbe  temperature,  and  from  other  considerations, 
Dr.  Wood  has  argaed,  with  much  apparent  reason,  that  the 
r  the  particles  of  bodies  arc  to  each  other,  the  leas  they 
require  to  move  to  produce  a  given  expansion  or  contraclioD 
in  those  of  another  body.     Hia  mode  of  reasoning,  if  Xiiglitiy 
conceive  it,  may  be  concisely  put  as  follows ; — 

As  bodies  contract  by  cold,  it  is  clear  Ibat,  in  a  ^ven 

body,  the  lower  the  temperature  the  nearer  are  the  particles; 

I  and,  as  the  coefiicient  of  expansion  increases  with  th*e  tern- 

L  perature,  the  lower  the  temperature  of  the  substance  be, 

B  the  particles  require  to  move,  or  approach  to  or  reo 

m  each  olber,  so  as  to  compensate  the  correlative  recession 

I  approach  of  the  particles  in  a  hotter  portion  of  the  aamo 
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,  that  is,  in  aaofber  porlion  of  the  aame  euhslancc 
in  -wliich  the  particlea  are  more  dislant  Jrom  each  other. 
The  amoont  of  approximation  or  recession  of  the  particles  of 
a  body,  in  other  words,  its  change  of  bu!k  by  a  given  change 
of  temperatare,  being  thus  in  a  given  substance  an  index  of 
the  relative  proximity  of  ite  particles,  may  it  not  be  so  of  all 
bodies?  The  proportion  is  very  ingeniously  argued  by  Dr. 
Wood,  but  the  argument  is  based  upon  i-erta.in  hypothese."  as 
to  the  sixes  and  distances  of  atoms,  which  must  be  admitted 
as  postulates  fay  those  who  adopt  his  conclusions.  Dr. 
Wood  seeks  by  means  of  this  theory  to  explain  the  heat  pro- 
duced by  chemienl  combination,  -and  I  shall  endeavour  to  give 
ft  sketch  of  hia  mode  of  reasoning  when  I  arrive  at  that  part 
of  my  anbject. 

Although  the  comparative  effects  of  specific  heat  may  not 
Im  satisfactorily  explicable  by  any  known  theory,  the  absolute 
effect  of  heat  upon  each  separate  substance  is  simply  expan- 
sion, but  when  bodies  differing  In  their  physical  characters 
are  used,  the  rate  of  expansion  varies,  if  measured  by  the 
correlative  contraoliona  exhibited  by  the  substances  produc- 
ing it.  Though  I  am  obliged,  in  order  to  be  intelligible,  to 
talk  of  heat  as  an  entity,  and  of  its  conduction,  radiation,  &c., 
yet  these  expreaaions  are,  in  fact,  inconsistent  with  the  dyna- 
mic theory  which  regards  beat  aa  motion  and  nothing  else  ; 
thus  conduction  would  be  simply  a  progressive  dilatation  or 
motion  of  the  particles  of  the  conducting  substance,  radiation 
an  undulation  or  molion  of  the  particles  of  the  medium 
through  which  the  heat  is  said  to  be  transmitted,  Ac. ;  and  it 
is  a  strong  argument  in  favour  of  (his  theory,  that  for  every 
diversity  in  the  physical  character  of  bodies,  and  for  every 
change  in  the  structure  and  arrangement  of  particles  of  the 
same  body,  a  change  is  apparent  in  the  thermal  effects. 
Thus  gold  conducts  heat,  or  transmits  the  motion  called  beat, 
UMre  readily  than  copper,  copper  than  iron,  iron  than  lead, 
d  lead  than  porcelain,  &c. 


So  when  the  structure  of  a  aubstaoce  is  not  homogeneous, 
we  hayo  a  change  in  the  conduction  of  (lifforent  parts  depend 
ent  upon  the  etruoture.  This  is  beautifnlly  shown  with 
bodies  whose  structure  is  ayraraetrically  arranged,  as  ia  crys- 
tals. Senarmont  has  shown  that  crystpls  conduct  heat  differ- 
ently in  different  directions  with  reference  to  the  axis 
ayninjetry,  but  definitely  in  definite  directions.  TTia  mode 
experimenting  is  as  follows  : — A  plale  of  the  crystal  is  cut  in 
a  direction,  for  one  set  of  experiments  parallel,  and  for 
another  at  light  angles  to  the  B."^ia  ;  a  tahe  of  platinum  is 
serled  through  the  centre  of  the  plate,  and  bent  at  c 
extremity,  so  as  to  he  capable  of  being  healed  by  a  lamp 
without  the  heat  which  radiates  from  the  lamp  affecting  tha 
crystal ;  the  surfaces  or  bases  of  the  plate  of  crystal  t 
covered  with  was.  When  the  platinum  is  heated,  the  direo 
tion  of  the  heat  conducted  by  the  crystal  is  made  known  by 
the  melting  of  the  wux,  and  a  curved  line  is  visible  at  the 
juncture  of  the  solid  and  liquid  wax.  This  curve,  with 
homogeneous  snhstancea,  as  glass  or  zinc,  is  a  circle ;  it  ia 
tdso  a  circle  on  plates  of  cale  spar  cut  perpendicular  t£i  tha 
axis  of  symmetry ;  hut  on  plates  cut  parallel  to  the  axis  of 
symmetry,  and  having  their  plane  perpendicular  to  one  of  the 
faces  of  the  primitive  rhombohedron,  the  curves  are  well- 
defined  ellipses,  having  their  longer  axes  in  the  direction  of 
the  axis  of  symmetry,  ahovdng  that  this  axis  is  a  direction  of 
greater  conductibility.  From  experiments  of  this  character 
the  inference  ia  drawn,  tiiat  '  in  media  conatitnted  like  crys- 
tals of  the  rhombohedral  system,  the  conducting  po_wer  varies 
in  such  a  manner,  that,  supposing  a  centre  of  heat  to  esiat 
within  them,  and  the  medium  to  be  indefinitely  extendi 
aU  directiouH,  the  isothermal  surfaces  are  concentric  dUpsoids 
of  revolution  round  the  n-vi«  of  aymmctry,  or  at  least  stirfacea 
differing  but  Uttle  therefrom.' 

Knoblauch  has  fiirther  shown,  that  radiant  heat  is  absorb-' 

ed  in  different  degrees,  according  as  ita  direction  is  parallel 

I  or  perpendicular  to  the  axis  of  a  ciystal. 
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If  we  select  a  substance  of  a  different  but  also  of  a  definite 
.  structure,  such  as  wood,  we  find  that  heat  progresses  through 
it  with  more  or  less  rapidity,  according  to  its  direction  with 
reference  to  the  fibre  of  the  wood :  thus  Decandolle  and  De 
.  la  Rive  found  that  the  conduction  was  better  in  a  direction 
parallel  to  the  fibre  than  in  one  transverse  to  it ;  and  Dr. 
TyndaU  has  added  the  fact,  that  the  conduction  is  better  in  a 
direction  transverse  to  the  fibres  and  layers  of  the  wood  than 
when  transverse  to  the  fibre  but  parallel  to  the  layers,  though 
in  both  these  directions  the  conduction  is  inferior  to  that  fol- 
lowing the  direction  of  the  fibre.  Thus,  in  the  three  possible 
directions  in  which  the  structure  of  wood  may  be  contem- 
plated, we  have  three  different  degrees  of  progression  for 
heat. 

In  the  above  examples  we  see,  as  we  shall  see  farther  on 
with  reference  to  all  the  so-caUed  imponderables,  that  the 
phenomena  depend  upon  the  molecular  structure  of  the  mat- 
ter affected :  and  although  these  facts  are  not  absolutely  in- 
consistent with  the  theory  which  supposes  them  to  be  fluids 
or  entities,  it  will,  I  think,  be  found  to  be  far  more  consistent 
with  that  which  views  them  as  motion.  Heat,  which  we  are 
at  present  considering,  cannot  be  insulated :  we  cannot  re- 
move the  heat  &om  a  substance  and  retain  it  as  heat ;  we 
can  only  transmit  it  to  another  substance,  either  as  heat  or 
as  some  other  mode  of  force.  We  only  know  certain  changes 
of  matter,  for  which  changes  heat  is  a  generic  name ;  the 
thing  heat  is  unknown. 

Heat  having  been  shown  to  be  a  force  capable  of  pro- 
ducing motion^  and  motion  to  be  capable  of  producing  the 
other  modes  of  force,  it  necessarily  follows  that  heat  is  capa- 
ble, mediately,  of  producing  them ;  I  will,  therefore,  conteat 
myself  with  enquiring  how  far  heat  is  capable  of  immediately 
producing  the  other  modes  of  force.  It  will  immediately 
produce  electricity^  as  shown  in  the  beautiful  experiments  of 
Seebeck,  one  of  which  I  have  already  cited,  which  experi* 
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ments  proved,  that  vi'lien  dissimilar  metala  are  made  t^ 
or  are  soldered  together  and  heated  at  the  point  of  contact,  a 
current  of  electricity  flows  through  the  melala  having  a 
uite  direction  according  to  the  meluls  employed,  which  cur- 
rent  continae§  as  long  aa  an  increasing  temperature  la  grad- 
ually pervading  the  metals,  ceaeea  when  the  temperature  is 
stationary,  and  flows  in  the  contrary  direction  with  the  decra* 
ment  of  temperature. 

Another  class  of  phenomena  which  have  heen  generally 
attributed  to  the  effects  of  radiant  heat,  and  to  which,  frota 
tills  belief,  the  term  theiinography  has  been  applied,  may 
also,  in  their  turn,  be  made  to  exhibit  electrical  effects — ef- 
fects here  of  Franklinic  or  static  electricity,  as  Seebeck's  ex- 
perimenta  showed  effects  of  voltaic  or  djnamic  electricity. 

If  polished  discs  of  dissimilar  metals — aay,  zinc  and  cop- 
per— be  brought  into  close  proximity,  and  kept  there  for' 
some  time,  and  either  of  them  has  irregularities  upon  its  sur- 
&ce,  a  superflcial  outline  of  theae  irregularities  is  traceable 
upon  the  other  disc,  and  vice  versS.  Many  theories  have 
been  framed  to  accoimt  for  this  phenomenon,  but  whether  it 
be  due  or  not  to  ihermic  radiations,  the  relative  temperature 
of  the  discs,  their  relative  capacities  and  conducting  and 
radiating  powers  for  heat,  undoubtedly  influence  the  pha^ 


Now,  if  two  such  discs  in  close  proximity  be  oonnecte^ 
with  a  delicate  electroscope,  and  then  auddenly  Beparal«(l| 
the  electroscope  is  affected,  showing  that  the  reciprocal  ra> 
diation  Irom  surface  to  surface  has  produced  electrical  fbrcsr 
I  cite  this  experiment  in  treating  of  heat  as  an  initial  force, 
because  at  present  the  probabililiea  are  in  favour  of  themuu 
radiation  producing  the  jihenomenon.  The  origin  of  then 
eo-called  thermographic  efiects  is,  however,  a  question  optaf 
to  much  doubt,  and  needs  much  further  experiment.  Wherf 
I  first  published  tlie  experim.ent  which  showed  that  the  mer« 
approsimatioh  of  nielaUic  discs  would  give  rise  to  electrictl 
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effects,  I  mentioned  that  I  considered  the  fact  of  the  superfi- 
cial change  upon  the  surface  of  metals  in  proximity,  and,  d 
fortiori,  in  contact,  would  explain  the  developement  of  eleo- 
tridty  in  Volta's  original  contact  experiment,  without  having 
recourse  to  the  contact  theory,  i.  e.  a  theory  which  supposes 
a  force  to  be  produced  by  mere  contact  of  dissimilar  metals 
without  any  molecular  or  chemical  change.  I  have  seen 
nothing  to  alter  this  View.  Mr.  Gassiot  has  repeated  and 
verified  my  experiment  with  more  delicate  apparatus  and 
under  more  unexceptionable  circumstances ;  and  without  say- 
ing that  radiant  heat  is  the  initial  force  in  this  case,  we  have 
evidence,  by  the  superficial  change  which  takes  place  in 
bodies  closely  approximated,  that  some  molecular  change  is 
taking  place,  some  force  is  called  into  action  by  their  proxim- 
ity, which  produces  changes  in  matter  as  it  expends,  or 
rather  transmits  itself;  and,  therefore,  is  not  a  force  without 
molecular  change,  as  the  supposed  contact  force  would  be. 
The  force  in  this,  as  in  all  other  cases,  is  not  created,  but  de- 
veloped by  the  action  of  matter  on  matter,  and  not  annihi- 
lated, as  it  is  shown  by  this  experiment  to  be  convertible  into 
another  mode  of  force. 

To  say  that  heat  will  produce  light,  is  to  assert  a  fact  ap- 
parently familiar  to  every  one,  but  there  may  be  some  rea- 
son to  doubt  whether  the  expression  to  produce  light  is  cor- 
rect in  this  particular  application ;  the  relation  between  heat 
and  light  is  not  analogous  to  the  correlation  between  these 
and  the  other  four  affections  of  matter.  Heat  and  light  ap- 
pear  to  be  rather  modifications  of  the  same  force  than  dis- 
tinct forces  mutually  dependent.  The  modes  of  action  of  ra- 
diant heat  and  of  light  are  so  similar,  both  being  subject  to 
the  same  laws  of  reflection,  refraction,  and  double  refraction, 
and  polarisation,  that  their  difference  appears  to  exist  more 
in  the  manner  in  which  they  affect  our  senses  than  in  our 
mental  conception  of  them. 

The  experiments  of  Melloni,  which  have  mainly  contrib- 
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nted  to  (lemonslrate  this  dose  analogy  of  heat  aud  light,  af 
ford  H  hoaaliful  Inslane*  of  the  aaBislance  which  the  progres? 
of  one  branch  of  physical  science  renders  to  that  of  another 
The  discoverieB  of  Oersted  and  Seebeck  led  to  the  construo- 
lion  of  an  inatrnment  for  measuring  temperature,  incompara- 
bly more  delieale  Ihao  any  previously  known.  To  dialior 
guisU  it  from  the  ordinary  thermometer,  tliis  instrument  is 
called  the  fhermomultiplier.  It  consists  of  a  series  of  smail 
bars  of  lisDiuth  and  antimony,  formisg  one  zigzag  chain  of 
alternations  arranged  parallel  to  each  other,  in  the  shape  of 
B,  cylinder  or  prism ;  so  that  the  points  of  junction,  which  are 
soldered,  shall  be  all  exposed  at  Ihe  bases  of  the  cjlisder ; 
the  two  extremities  of  this  aeries  are  united  to  a  galvano- 
meter— that  is,  a  flat  coil  of  wire  sarronnding  a  freely-aua- 
pended  magnetic  needle,  the  direction  of  which  is  parallel  to 
the  couTOlutions  of  the  wire.  When  radiant  heat  impinges 
upon  the  soldered  ends  of  the  multiplier,  a  thermo-electric 
current  is  induced  in  each  pair ;  and,  as  all  these  currents 
tend  to  circulale  in  the  same  direction,  the  energy  of  the 
whole  is  increased  by  the  cooperating  forces :  this  cnrrent, 
traversing  the  helix,  of  the  galvanometer,  deflecis  the  needle 
from  parallelism  by  virtue  of  the  electi-o-magnelic  tangential 
force,  and  the  degree  of  this  deflection  serves  as  the  index 
of  the  temperature. 

Bodies  examined  by  these  means  show  a  remarkable  dif- 
ference between  their  transcaleBcenoe,  or  power  of  traosmit- 
ting  heat,  and  their  transparency :  thus,  perfectly  transparent  ■ 
alnm  arrests  moj'e  heat  than  quartz  so  dark  coloured  as  to  ba 
opaque ;  and  alum  coupled  with  green  glass  Melloni  fotmd 
was  capable  of  transmitting  a  beam  of  brilliant  light,  while, 
with  the  most  delicate  thermoscope,  he  could  detect  no  indi- 
cations of  transmitted  licat :  on  the  other  Land,  rock-salt,  tht 
most  transcidescent  body  kno^vn,  may  be  coA'ered  with  soot 
Butil  pcrleclly  opaque,  and  yet  be  found  capable  of  tran«mi(> 
I   ling  a  considerable  quantity  of  heat.     Itadiant  heat,  when 
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transmitted  through  a  prism  of  rock-salt,  is  fomid  to  be  mie- 
qnallj  refracted,,  as  is  the  case  with  light ;  and  the  rays  of 
heat  thus  elongated  into  what  is,  for  the  sake  of  analogy, 
called  a  spectrum,  are  found  to  possess  similar  properties  to 
the  primary  or  coloured  rays  of  light.  Thus  rock-salt  is  to 
heat  what  colourless  glass  is  to  light ;  it  transmits  heat  of  all 
degrees  of  refrangibility :  alum  is  to  heat  as  red  glass  to 
light ;  it  transmits  the  least,  and  stops  the  most  refrangible 
rays ;  and  rocK-salt  covered  with  soot  represents  blue  glass, 
transmittmg  the  most,  and  stopping  the  least  refrangftle  rays. 

Certain  bodies,  again,  reflect  heat  of  different  refrangi- 
bilily :  thus  paper,  snow,  and  lime,  although  perfectly  white 
— that  is,  reflecting  light  of  aU  degrees  of  refrangibility,  re- 
flect heat  only  of  certain  degrees  ;  while  metals,  which  are 
coloured  bodies — ^that  is,  bodies  which  reflect  light  only  of 
certain  degrees  of  refrangibility — reflect  heat  of  all  degrees. 
Badiant  heat  incident  upon  substances  which  doubly  refract 
light  is  doubly  refracted ;  and  the  emergent  rays  are  polar- 
ised in  planes  at  right  angles  to  each  other,  as*  is  the  case 
with  light. 

The  relation  of  radiation  to  absorption  also  holds  good 
with  light  as  with  heat:  with  the  latter  it  has  been  long 
known  that  fhe  radiating  power  of  different  substances  is  di 
rectly  proportional  to  their  absorptive  and  inverse  to  theii 
reflective  power;  or  rather,  that  the  sum  of  the  heat  radia 
ted  and  reflected  is  a  constant  quantity.  So,  as  has  been 
shown  by  Mr.  Balfour  Stewart,  the  absorption  bears  the 
same  relation  to  radiation  for  heat  as  to  quality  as  well  as 
quantity. 

Light  presents  us  with  similar  relations.  Coloured  glass, 
when  heated  so  as  to  be  luminous,  emits  the  same  light 
which  at  ordinary  temperatures  it  absorbs :  thus  red  glass 
gives  out  or  radiates  a  greenish  light,  and  green  glass  a  red 
tint. 

Jhe  flame  of  substances  containing  sodium  yields  a  yel- 
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low  light  of  3ucli  purity  tbat  other  colaurH  exposed  to  it  ftp> 
pear  black — a  phenomenon  oliown  by  the  familiar  eEporimei 
of  exposing  a  picture  of  bright  coIoutb,  other  than  yellow,  1 
the  flame  of  spirits  of  wine  with  which  common  salt  is  mixed 
the  picture   losea  its  colours,  and  appears  to  be  black  oni 
white.     When  the  prismatic  Bpeefnim  of  such  a  flame  is  ex 
amined,  it  is  foond  to  exhibit  two  bright  yellow  lines  at  a  ceN 
tain  fised  position.     If  a  source  of  light  be  ejnployed  wliit 
gives  no  lines  in  its  spectrum,  and  this,  being  at 
temperature,  be  made  to  passthrongh  the  sodium  flame,  tn 
dark  lines  wiU  appear  in  the  spectrum  precisely  coiacidei 
in  position  with  the  yellow  lines  whicli  were  given  by  the  w 
dium  flame  itself.     The  same  relation  of  ahaorption  to  r 
tion  is  therefore   shown  here  :  tlie  substance  absorbs 
light  which  it  yields  when  it  is  itself  the  source  of  lighl 
The  same  is  true  of  other  auhslances,  the  spectra  of  whii 
exhibit  respectively  lines  oi'  peculiar   colour  and  positioi 
Now,  the  solar  prisraatic  spectnim  ia  traversed  by  a 
number  of  dark  lines  ;  and  Kirchoff  has  deduced  from 
siderations  such  as  those  which  I  have  shortly  stated, 
these  dark  lines  in  the  solar  spectrum  are  due  to  metals  es> 
iB(ing  in  an  atmosphere  around  the  sun,  which  absorb 
light  from  a  central  Sicandcsccnt  nucleus,  each  metal  absorl 
ing  that  light  which  would  appear  as  a  bright  line  or  lines  i! 
its  own  spectrum. 

By  comparing  the  position  of  the  bright  lines  in  the 
tra  of  metals  with  tbat  of  the  dark  lines  in  the  solar 
trum,  several  of  them  are  found  to  he  in  identically  the 
place  :  hence  it  is  inferred,  and  the  inference  seems  re 
able,  tbat  the  metals  which  show  luminous  linos  in  their  spei 
tra,  identical  in  position  wilh  dark  L'nes  iu  the  solar  ep< 
trum,  exist  in  the  sun,  and  arc  diffused  in  a  gaseous  state 
its  almoaphere.  It  does  not  seem  to- me  necessary  to  iLi 
conclusion  lo  assume  that  the  sua  is  a  solid  mass  of  Lacandi 
Oeut  matter ;  it  ma^  well  be  that  what  we  term  the 
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re  or  luiainoua  envelope  of  the  sun  Iim  Bniroumiinx  U  a 
more  diffuse  atmosphere  conlaining  vaporiseil  mclalK,  au'l 
that  the  umss  of  tlie  sun  itself  may  be  in  a  diflVrent  #I«t«, 
ftnd  not  necessarily  at  aa  incandescent  t«nij>erati)re  ;  indeed, 
the  protuberances  and  red  light  seen  at  the  period  of  total 
eclipses  aCTord  some  evidence  of  an  almoiiphcre  extrrior  la 
the  photosphere.  It  would,  however,  be  out  of  place  here  to 
speculate  on  these  subjecis :  tlie  point  which  conenmB  an  ]a 
the  analogies  of  beat  and  liglit,  which  titcsc  (liacoTcries  iHas- 
trate.  Eorcboff  has  carried  the  analogy  farther  Iijr  s[iOwin(( 
that  a  plate  of  tourmaline  absorbs  the  polariKcd  ray  wbidi 
when  healed  it  radiates.  Thus,  the  phenomena  rif  light  are 
imitated  closely  by  those  of  radiant  heat ;  and  the  Miine  the- 
ory which  is  considered  most  plansilily  to  acenunl  for  Hid 
phenomena  of  the  one,  wiD  necessarily  lie  applic'l  to  llio  other 
agent,  and  in  each  case  raolecnlor  change  is  accompanied  l^y 
a  change  in  the  phenomenal  effects. 

In  certain  cases  heat  appears  to  become  partially  dn- 
verted  into  bghl,  by  changing  the  matter  affected  by  hiukl ; 
thos  gas  may  be  heated  Ic  a  very  hi;^  point  withmil  pro- 
ducing light,  or  producing  it  to  a  very  eliglit  degree  ;  but  llu! 
introduction  of  soliil  matter — for  instance,  llic  melal  platinum 
into  the  highly-heateJ  gas — instantly  exhibits  light.  Wliuther 
the  heat  is  converted  into  light,  or  whether  it  In  concvntnilMl  ■ 
and  increased  in  intensity  by  the  solid  matter  jio  an  lo  l^ccotno 
visible,  may  be  open  to  some  doubt :  the  fad  of  solid  matter, 
when  ignited  by  the  oxyhydrogen  jet  decomposing  water,  at 
will  be  presently  explained,  would  aevm  to  indicate  tliat  the 
heat  was  rendered  more  intense  by  coDdensation  in  the  solid 
matter,  as  water  is  in  Uiis  ease  decomposed  by  a  heated  boily, 
which  body  has  itself  been  heated  by  ihe  combining  elemenU 
of  water.  The  apparent  effect,  however,  of  the  introduction 
of  solid  ineombastible'matler  into  heated  gas,  is  a  convcraion 
of  heat  into  light. 

There  is  another  method  by  which  heat  would  probaljly 
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be  maJe  to  produce  luminooB  efiecis,  tbongh  I  am  opt  uvriirc 
that  tlie  experimeut  lias  ever  bnea  made. 

If  we  concestrato  inio  a  focus  b^  a  large  lens  a  dim  light, 
■we  increase  the  intensity  of  the  light.  Now  if  a  heated  bod]r 
be  taken,  which,  to  tlic  unassisted  eye,  has  juat  ceased  ti 
visible,  it  seems  probable  that  by  collecting  and  condensing 
by  a  lens  the  different  rays  which  have  so  ceased  lo  be 
bio,  light  would  reappear  at  the  focus.  The  experiment  is, 
for  reasons  obvious  to  tliose  acquainted  with  optics,  a  difficult 
one,  and,  to  be  conclusive,  should  be  made  on  a  large  scale, 
and  with  a  very  perfect  lena  of  large  diameter  and  short  ib- 
CUB.  I  have  obtained  an  approximation  to  tlie  result  in 
following  manner : — In  a  dark  room  a  platinum  wir 
brought  juflt  lo  the  point  of  visible  ignition  by  a  constant  vol- 
tuic  battery  ;  it  is  then  viewed,  at  a  short  distance,  throogh 
an  opera'glasB  of  large  aperture  apphed  to  one  eye,  the  other 
being  kept  open.  The  wire  wiH  be  distinctly  visible  to  that 
eye  which  regards  it  through  the  opera-glass,  and  at  the  si 
time  totally  invisible  to  the  other  and  naked  eye.  It  may  be 
said  with  some  justice  that  such  experiments  prove  little  mo; 
than  the  feet  already  known,  viz.  that  by  increasing  the  "i 
tensity  of  heal,  light  is  produced:  they  however  exhibit  this 
effect  in  a  more  striking  form,  as  bearing  on  the  relations  of 
•  beat  and  light. 

With  regard  to  chtrnical  affinity  and  magnetism,  perhapa 
the  only  method  by  which  in  strictness  the  force  of  heat  may 
be  said  to  produce  them  is  through  the  medium  of  electricity, 
the  thermo-electrical  cmrent,  produced,  as  before  described, 
by  heatuig  dissimilar  metals,  being  capable  of  deflecting  the 
magnet,  of  magnetising  iron,  and  exlnbiting  the  other  mag- 
netic effects,  and  also  of  forming  and  decomposing  chemical 
compounds,  and  this  in  proportion  to  the  progrcssiou  of  heat: 
this  has  not,  indeed,  as  yet  been  proved  to  bear  a  measurabls 
quantitative  relation  to  the  other  forces  thus  produced  by  it, 
because  so  Ultle  of  the  heat  is  utilised  or  converted  into  c 


HEAT.  65 

tricilj}  much  being  dissipated,  without  change,  in  the  form  of 
heat. 

Heat,  however,  directly  affects  and  modifies  both  the  mag- 
net and  chemical  compounds  ;  the  union  of  certain  chemical 
substances  is  induced  by  heat,  as,  for  instance,  the  formation 
of  water  by  the  union  of  oxygen  and  hydrogen  gases :  in 
other  cases  this  union  is  facilitated  by  heat,  and  in  many  in* 
stances,  as  in  ammonia  and  its  salts,  it  is  weakened  or  antag* 
onised.  In  many  of  these  cases,  however,  the  force  of  heat 
seems  more  a  determining  than  a  producing  influence ;  yet  to 
be  this,  it  must  have  an  immediate  relation  with  the  force 
whose  reaction  it  determines:  thus,  although  gunpowder, 
touched  with  an  ignited  wire,  subsequently  carries  on  its  own 
oombustion  or  chemical  combination,  independently  of  the 
original  source  of  heat,  yet  the  chemical  affinities  of  the  first 
portion  touched  must  be  exalted  by,  and  at  the  cost  of,  the 
heat  of  the  wire ;  for  to  disturb  even  an  unstable  equilibrium 

m 

requires  a  force  in  direct  relation  with  those  which  maintain 
equilibrium. 

Since  the  first  edition  of  this  essay  was  published,  I  have 
communicated  to  the  Royal  Society  some  experiments  by 
which  an  important  exception  to  the  general  effect  of  heat  on 
chemical  affinity  is  removed,  and  the  results  of  which  induce 
a  hope  that  a  generalised  relation  wiQ  ultimately  be  estab- 
lished between  heat,  chemical  affinity,  and  physical  attraction. 
I  find  that  if  a  substance  capable  of  supporting  an  intense 
heat,  and  incapable  of  being  acted  upon  by  water  or  either 
of  its  elements — such,  for  instance,  as  platinum,  or  iridium^ 
be  raised  to  a  high  point  of  ignition  and  then  immersed  in 
water,  bubbles  of  permanent  gas  ascend  from  it,  wliich  on 
examination  are  found  to  consist  of  mixed  oxygen  and  hydro- 
gen in  the  proportions  in  which  they  form  water.  The  tem* 
peratnre  at  which  this,  is  effected  is,  according  to  Dr.  Robin- 
son, who  has  since  written  a  valuable  paper  on  the  subject, 
«■  2386'^.     Now,  when  mixed  oxygen  and  hydi'ogcn  are  ex- 
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posed  to  a  temperature  of  aboat  800",  Ihcy  combiae^aiid  fi 
water ;  heat  therefore  appears  to  act  differently  upon  Lhei 
elements  according  to  il8  intensity,  in  one  case  produdi 
composition,  in   the   other   decomposition.     No    BatiEfactoi 
means  of  reconciling  this  apparent  anomaly  have  been  poiata 
out :  the  best  approximation  to  a  theory  whieh  I  can  frame 
by  assuming  that  the  constituent  molecules  of  water  are, 
low  a  certain  temperature,  in  a  Slate  of  Stable  equilibrii 
that  the  molecules  of  miSed  or  oxyhydrogen  gas  are,  above 
certain  temperature,  also  in  a  state  of  stable  equilibrinm,  \ 
of  an  opposite  character ;  while  below  this  latter  l«mpera 
ture   the   molecules  of  mixed   gas  are  in  a  slate  of  uustabl 
equilibrium,  somewhat  similar  to  that  of  Ijie  faUniuatea  a 
similar  bodies,  in  which  a  slight  derangement  sabrerta  t 
nicely-balanced  forces.  • 

If,  for  instance,  we  suppose  four  molecules,  A,  B,  0,  [ 
to  be  in  a  balanced  state  of  equilibrium  between  attra 
and  repelling  ibrces,  the  application  of  a  repulsive  foree  1 
tween  B  and  C,  tliough  it  may  still  farther  separate  B  and  C 
will  approximate  B  to  A  and  C  to  D,  and  may  bring  tbei 
respectively  within  the  range  of  attractive  force ;  or,  sup 
posing  Ihe  re])ulsive  force  to  be  in  the  centre  of  a 
sphere  of  particles,  all  these,  excepting  those  immedialfil 
acted  on  by  the  force,  wiU  be  approximated,  and  having  froi 
attraction  asBumed  a  slate  of  stable  equilibrium,  they  will  p 
tain  this,  because  the  repulsive  force  divided  by  the  r 
not  capable  of  overcoming  it.     But  if  the  repulsive  force  b 
increased  in  quantity  and  of  suIBcient  intensity,  then  the  I 
tracrivo  force  of  all  the  raoleciiles  may  be  overcome,  and  d 
composition  ensue.     Thus,  water  or  steam  below  a 
temperature,  and  mixed  gas  above  a  certain  temperaton 
may  be  supposed  to  he  in  a  state  of  stable  equihbrium,  whi 
below  this  limiting  temperature,  the  equilibrium  of  oiq'lij 
Irogen  gas  is  unstable. 

This,  it  most  be  confessed,  is  but  a  crude  mode  of  e: 
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ing  the  phenomena,  and  requires  the  assumption,  that  the 
particles  of  a  gas  exercise  an  attraction  for  each  other  as  do 
the  particles  of  a  solid,  though  different  in  degree,  perhaps  in 
kind.  Whether  this  be  so  or  not,  there  can  be  no  doubt  that 
both  gases  and  solids  expand  or  contract  according  to  the  in-* 
verse  contraction  or  expansion  of  other  neighbouring  bodies, 
and  so  far  resemble  each  other  in  their  relations  to  heat  and 
cold.  The  extent  to  which  such  expansion  or  contraction 
can  be  carried,  seems  to  be  limited  only  by  the  correlative 
state  of  other  bodies ;  these  again,  by  others,  and  so  on,  as 
&r  as  we  jnay  judge,  throughout  the  universe. 

Adopting  the  explanation  above  given  of  the  decomposi- 
tion of  water  by  heat,  heat  would  have  the  same  relation  to 
chemical  afGinity  as  it  has  to  physical  attraction ;  its  imme- 
diate tendency  is  antagonistic  to  both,  and  it  is.  only  by  a  sec- 
ondary action  that  chemical  affinity  is  apparently  promoted 
by  heat.  This  view  would  explain  how  heat  may  promote 
changes  of  the  equilibrium  of  chemical  affinity  among  mixed 
compound  substances,  by  decomposing  certain  compounds  and 
separating  elementary  constituents  whose  affinity  is  greater, 
when  they  are  brought  within  the  sphere  of  attraction  for  the 
substance  with  which  they  are  mixed,  than  for  those  with 
which  they  were  originally  chemically  united :  thus  an  intense 
heat  being  applied  to  a  mixture  of  chlorine  and  the  vapour 
of  water,  occasions  the  production  of  muriatic  acid,  libera- 
ting oxygen. 

Carrying  out  this  view,  it  would  appear  that  a  sufficient 
btensity  of  heat  might  yield  indefinite  powers  of  decomposi- 
tion ;  and  there  seems  some  probability  of  bodies  now  sup- 
posed to  be  elementary,  being  decomposed  or  resolved  into 
farther  elements  by  the  application  of  heat  of  sufficient  inten- 
sity ;  or,  reasoning  conversely,  it  may  fairly  be  anticipated 
that  bodies,  which  will  not  enter  into  combination  at  a  certain 
temperature,  wiU  enter  into  combination  if  their  temperature 
be  lowered,  and  that  thus  new  compounds  may  be  formed  by 
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a  proper  disposition  of  their  constituents  when  exposed  t 
extremely  low  temperature,  and  the  inoro  so  if  compression 
be  also  employed. 

In  considering  the  effect  of  heat  as  a  mechanical  force,  it. 
would  be  expected,  a  priori,  and  independently  of  any  tlieory 
of  heat  which  may  bo  adopted,  that  a  given  amount  of  heal 
acting  on  a  given  material  mU9t  produile  a  given  amount  of 
motive  power ;  and  the  next  question  which  occurs  to  the 
mind  is,  whether  the  same  amount  of  heat  would  produc 
same  amount  of  mechanical  power,  whatever  be  tbe  naaterial 
acted  on  or  affected  by  the  heat.  I  will  endeavour  to  reasoa 
this  out  on  the  view  of  heat  which  I  have  advocated.  Seatl 
has  been  considered  In  this  essay  as  itself  motion  or  mecluLO' 
ical  power,  and  quantity  of  heat  as  measured  by  motion* 
Thus,  if  by  a  given  contraction  of  a  body  (say  mercury)  air 
within  a  cylinder  having  a  moveable  piston  be  expanded,  the 
piston  moves,  and  in  this  case  the  espansion  or  motion  of  tbe 
material  (say  iron)  of  the  cylinder  itadf  and  of  the  air  amy 
rounding  it  is  commonly  neglected.  As  the  air  dilates  it  b&-' 
comes  colder ;  in  other  words,  by  midergoing  expansion  itself^ 
it  loses  its  power  of  making  neighbouring  bodies  expandf 
bttt  if  the  piston  be  forcibly  kept  down,  the  expansive  power 
doe  to  tbe  mercury  continues  to  communicate  itself  to  tha 
iron  and  to  the  surrounding  air,  which  become  hotter-  tbaS 
they  would  if  tbe  piston  had  given  way. 

Now,  in  the  above  case,  if  the  air  be  confined  and  it 
Tobime  unchanged,  will  the  expansion  of  the  iron,  aesiuniu 
that  it  can  be  utilised,  produce  an  exactly  equivalent  mecbai 
ical  effect  to  that  which  the  expansion  of  the  air  would  pro 
duce  if  the  heat  be  entirely  confineil  to  it? 

Assuming  tfiat  (with  the  excepiion  of  bodies  which  t 
pand  in  freezing,  where,  through  a  limited  range  of  tempei 
tore,  the  converse  effeclB  obtain)  whenever  a  body  is  conv 
pressed  it  is  healed,  i.  e.  it  expands  neighbouring  BubstancesJ 
whenever  it  is  dilated  or  increased  iu  volume  it  is  cooled,!. 
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it  contracts  neighbouring  Bubetanees — t!ie  amizhtsiifa  i 
pears  to  me  inevitable  tfaat  the  mechanical  power  proAxit 
by  heat  will  be  deiiaite,  or  ihe  same  for  a  given  ainomit  a 
iut^DBitj  of  heat,  wbatever  b«  the  sabstonce  anl^d  rm. 

Thus,  let  A  be  a  definite  aource  of  hckt,  nj  a  pvand  of'l 
mercury  at  the  temperatare  of  400' ;  let  B  be  acxrtber  oqo^l 
and  similar  source  of  beat :  suppose  A  be  employed  to  n 
a  piston  by  the  dilatalioD  of  air,  and  B  to  raiae  aonlher  pi»- 
toD  by  the  dilntation  of  the  vapour  of  water.  Inuigine  tiie 
pistons  altaehed  to  a.  beam,  so  that  they  oppofe  noch  oilier'* 
action,  and  thus  represent  a  sort  of  calorific  bftlancn.  If  A 
being  applied  to  air  could  conquer  B,  irlucb  it  appliuil  to 
wafer,  it  would  depress  or  throw  back  th«  piaton  of  tin;  latter, 
and,  by  compressing  the  vapoor,  occasioD  an  tncreaito  of 
temperature ;  this,  in  its  turn,  would  raise  the  lempcmlure 
of  Ihe  aource  of  heat,  so  that  we  abunld  huTe  (be  untmioly 
that  a  pound  of  mercury  at  400"  couU  beat  another  pound 
of  mercury  at  100'  lo  401",  or  to  some  point  biglier  llutu  iu 
original  temperature,  and  this  HithoDtany  adrenlitions  aid: 
it  will  be  obvious  that  this  ia  impoanble,  at  least  contnuJio 
tory  to  the  whole  range  of  onr  exporiftiew. 

The  above  experiment  is  ideal,  and  stated  fur  the  object 
of  giving  a  more  precise  form  to  the  reasoning ;  to  bring  the 
idea  more  prominently  into  relief,  all  statements  as  to  quan- 
tities, specific  heats,  &c.,  so  as  to  yield  comparative  results 
for  ^ven  materials,  are  omitted.  The  argument  may  be 
thus  stated  in  another  form,  viz.  that  by  no  mechanical  appli- 
ance or  difference  of  material  acted  on  can  a  given  source 
of  heat  be  made  to  produce  more  beat  than  it  originally 
possessed ;- and  that,  if  all  be  converted  into  mechaDleat 
power,  an  excess  cannot  be  snppoged,  for  that  could  be  con* 
verted  into  a  surplus  of  heat,  and  be  a  creation  of  force  ;  and 
a  deficit  cannot  be  supposed,  for  that  wotild  be  annihilation 
of  force.  I  cannot,  however,  see  how  the  theoretical  concep- 
tion could  be  verified  by  experimeu! ;  Ihe  enormous  weights 
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and  llie  complex  metlianlcal  contrivances  requisite  to  g 
tlie  measure  of  power  'yielded  by  matter  in  its  less  dilatabl* 
forms,  would  be  far  beyond  our  present  experimental  r 
ources.  It  would  also  be  difficult  to  prevent  the  iaterferenoQ 
of  molecular  attractions,  inertia,  &c..,  the  overcoming  ot 
wliicb  exjiends  a  part  of  tbe  mechanical  ^lower  generaleSi 
but  whicli  could  hardly  be  made  to  appear  in  the  re 
We  could  not,  for  instance,  practically  realise  tlie  above 
ceptiou  by  the  construclion  of  a  machine  which  shoald  act  bjf 
the  expansion  and  contraction  of  a  bar  of  iron,  and  produc 
power  equal  to  that  of  a  steam  engine,  BOpplied  with  an  eqiud 
quantity  of  heat. 

Camot,  who  wrote  in  1824  an  essay  on  the  motive  powoe 
of  heat,  regarded  the  mechanical  power  produced  by  beat  a 
resulting  from  a  transfer  of  heat  from  one  point  to  anotliei^ 
without  any  ultimate  loss  of  heat.  Thus,  in  the  action  of  t 
ordinary  Bt«am  engine,  the  heat  from  the  furnace  having  e: 
panded  the  watet  of  the  boiler  and  raised  the  piston,  I 
mechanical  motion  is  produced ;  but  this  cannot  be  continued 
■without  the  removal  of  the  heat,  or  the  contraction  of  the  e 
panded  water.  This  is  done  by  the  condenser,  and  the  pistoi 
deBcends.  But  then  we  have  apparently  transferred  the  heat 
fi'om  the  fiimace  to  the  condenser,  and  in  the  transfer  e: 
mechanical  motion. 

Should  the  mechanical  motion  produced  by  heat  be  cow 
sidorcd  as  the  effect  of  a  simple  transference  of  heat  from  o 
point  to  another,  or  as  the  result  of  a  conversion  of  heat  inttf 
the  mechanical  force  of  which  tliis  motion  is  the  result?  Thii 
question  leads  to  the  following :  does  the  heat  wliich  generatel 
the  mechanical  power  return  to  the  thermal  machine  as  bea 
or  is  it  conveyed  away  by  the  work  performed? 

If  a  definite  quantity  of  air  be  heated  it  is  expanded,  si 
by  its  expansion  it  cools  or  loses  some  of  its  power  of  ccma 
municating  h  at  to  neighbouring  bodies.  That  which  wa 
Ibould  have  called  heat  if  the  expansion  of  the  air  had  l> 
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prevented,  we  call  mechanical  effect,  or  may  view  as  con\  erted 
into  mechanical  effect  ceasing  to  be  heat ;  but,  throwing  out 
of  the  question  nervous  sensation,  this  expansion  or  mechani- 
cal effect  is  all  the  evidence  we  have  of  heat,  for  if  the  air  is 
allowed  to  expand  freely,  this  expansion  becomes  the  index 
of  the  heat ;  if  Jhe  air  be  confined,  the  expansion  of  the 
matter  of  the  vessel  confining  it,  or  of  the  mercury  of  a  ther- 
mometer in  contact  with  it,  &c.,  are  the  indices  of  the  heat. 

If,  again,  the  air  which  has  been  expanded  be,  by  mechanic 
cal  pressure  or  by  other  means,  restored  to  its  original  bulk, 
it  is  capable  of  heating  or  expanding  other  substances  to  a 
degree  to  which  it  would  not  be  equal,  if  it  had  remained  in 
its  expanded  state.  To  produce  continuous  motion,  or  the 
np  and  down  stroke  of  a  piston,  we  must  heat  and  cool,  just 
as  with  a  magnetic  machine  we  must  magnetise  and  demagne- 
tise in  order  to  produce  a  continuous  mechanical  effect ;  and 
although,  from  the  impossibility  of  insulating  heat,  some  heat 
is  apparently  lost  in  the  process,  the  result  may  be  said  to  be 
effected  by  the  transfer  of  heat  from  the  hot  to  the  cold  body, 
from  the  fomace  to  the  condenser.  But  we  may  equally  well 
say  that  the  heat  has  been  converted  into  mechanical  force, 
and  the  mechanical  force  back 'into  heat;  the  effects  are 
always  correlative,  as  are  the  mechanical  effects  of  an  air 
pump,  with  which,  as  we  dilate  the  air  on  one  side,  we  con 
dense  it  on  the  other ;  and  as  we  cannot  dilate  without  the 
reciprocal  condensation,  so  we  cannot  heat  without  the  recip- 
rocal cooling,  or  vice  versd. 

Hitherto  the  resistances  of  the  piston  or  of  any  superim- 
posed weight  have  been  thrown  out  of  consideration,  or,  what 
amounts  to  the  same  thing,  it  has  been  assumed  that  the 
weight  raised  by  the  piston  has  descended  with  it.  The  heat 
has  not  merely  been  employed  in  dilating  the  air  or  vapour, 
but  in  raising  the  piston  with  its  weight.  If,  as  the  vapour 
is  cooled,  the  weight  be  permitted  to  descend,  its  mechanical 
Ibroe  restores  the  heat  lost  by  the  dilatation ;  but  in  this  case 
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•  to  be  heated  lo  70°,  Ilia 
eigljt  will  ascesd,  and  the 


part  of  the  power  can  be  abstracted  so  as  to  be  employed 
for  any  practical  purpose  ;  this  qneitioa  then  follows,  what 
takes  place  with  regard  to  the  initial  heat,  if,  after  the  ascent 
of  the  pision,  the  weight  be  removed  30  as  not  to  help  the  pis- 
Ion  in  ils  descent,  but  lo  fall  upon  a  lever  or  produce  some 
extraneous  mechanical  effect? 

I'o  answer  tliia  question,  let  ns  sappoSe  a  wei^t  to  rest 
on  a  piston  which  confines  air  at  a  definite  temperature,  say 
for  example  50°,  in  a  cylinder,  the  whole  being  assDined 
to  be  absolutely  non-conduciing  for  heat.  A  part  of  the  heat 
of  this  confined  air  will  be  due  to  the  pressure,  since,  as 
we  have  Been,  compression  of  an  elastic  fluid  prodnces  , 
heat. 

Suppose,  now,  the  confined  i 
piston  witii  its  superincumbent  1 
temperature,  in  eonscqncnce  of  the  dilatation  of  the  air,  will 
be  somewhat  lowered,  say  to  69°  (we  will  assume,  for  the 
sake  of  simplicity,  that  the  heat  engendered  by  the  Mction  of 
the  piston  compensates  the  force  lost  by  friction). 

The  piston  having  reached  its  maxinmm  of  elevation,  let 
a  cold  body  or  condenser  take  away  30'  trom  the  temperature 
of  the  confined  air ;  the  pigton  will  now  descend,  and  by  t^ 
compression  which  the  weight  on  it  produces,  will  restore  the 
1"  lost  by  dilatation,  and  when  the  piston  reaches  its  original 
position  the  temperature  of  the  air  will  be  restored  to  50°i 
Suppose  this  experiment  repeated  up  to  the  rise  of  the  piston; 
but  when  the  piston  is  at  its  full  elevation,  and  the  cold  body 
applied,  let  the  weight  bo  removed,  so  as  drop  upon  a  wheel, 
or  to  he  used  for  other  mcchnnical  purposes.  The  descend- 
ing piston  wUI  not  now  reach  its  original  point  without  more 
heat  being  ahatrncted ;  in  consequence  of  the  removal  of  the 
weight,  there  will  not  be  the  same  force  to  restore  the  1°,  and 
the  temperature  will  bo  49°,  or  some  fraction  short  of  tha 
Ori^al  50  '.  If  this  were  otherwise,  then,  as  the  weight  in 
lalling  may  bo  made  to  produce  heat  by  friction,  ^ 
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bave  more  heat  than  at  first,  or  a  creation  of  heat  out  of  noth« 
ing — ^in  other  words,  perpetual  motion. 

Let  us  now  assume  that  this  20°  supplied  in  the  first  in- 
stance was  yielded  by  a  body  at  90°,  of  such  size  and  material 
that  its  total  capacity  for  heat  is  equal  to  that  of  the  mass  of 
confined  air :  this  body  would  be  reduced  in  temperature  to 
70*^,  in  other  worcfe,  our  furnace  would  have  lost  20°  of  heat. 
Let  the  cold  body  of  the  same  size  {^.nd  material,  used  as  a 
condenser,  be  at  30°.  In  the  first  experiment,  the  body  at 
80^  would  bring  back  the  piston  to  its  original  point ;  but  in 
the  second  experiment,  or  that  where  the  weight  has  been 
removed,  the  body  at  30°  would  not  suffice  to  restore  the  pis- 
ton :  to  efiect  this,  the  cold  body  or  condenser  must  be  at  a 
lower  temperature. 

T!he  question  in  Camot's  theory,  which  is  not  experi- 
mentally resolved,  and  which  presents  extreme  experimental 
difficulty,  is  the  following:  Granted  that  a  piston  with  a 
superimposed  weight  be  raised  by  the  thermic  expansion  of 
confined  gas  or  vapour  below  it ;  if  the  elastic  medium  be 
restored  to  its  original  temperature  by  cooling,  the  weight  in 
depressing  the  piston  will  restore  that  portion  of  the  heat 
which  has  been  lost  by  the  expansion,  and  by  the  mechanical 
efiect  consequent  thereon  ;  but  if  the  weight  be  removed  when 
at  its  ma,ximum  of  elevation,  and  the  piston  be  brought  back 
to  its  starting  point  by  a  necessarily  cooler  body  than  could 
restore  it  if  the  weight  were  not  removed,  would  the  return  of 
the  piston  now  restore  the  heat  which  had  been  lost  by  the 
dilatation,  or,  in  other  words,  would  pulling  the  piston  down 
by  cold  restore  the  heat  equally  with  the  pressing  it  down  by 
mechanical  force  ?  The  argument  from  the  impossibility  of 
perpetual  motion  would  say  no,  for  if  aU  the  heat  were 
restored,  the  mechanical  effect  produced  by  the  faU  of  the 
weight,  or  the  heating  effect  which  might  be  made  to 
result  from  this  mechanical  power,  would  be  got  from 
nothing. 
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Then  follows  another  queation,  viz.  whether,  where  an 
temal  or  derived  mechanical  effect  has  been  obtained,  would 
the  return  of  the  piston,  effected  without  the  weight  or  exter- 
nal force  to  assist  it,  but  solely  by  the  colder  body,  give  to 
this  latter  the  same  anmber  of  thermometric  degrees  as 
been  lost  by  the  hot  body  in  tlie  first  instance?  Suppose,  for 
instance,  the  cold  body  in  our  experiment  to  be  at  20°  instead 
of  30",  would  this  body  gain  20^,  and  then  reach  the  tempera- 
ture of  40''  when  the  piston  is  brought  back,  or  would  Its 
temperature  be  higher  or  lower  than  40°  ?  The  argmnent 
fi-om  the  impossibility  of  perpetual  motion  docs  not  apply 
here,  for  it  does  not  necessarily  follow  that  20^,  on  the  the^  * 
mometrie  scale  from  20°  to  40°,  represents  an  equal  amount 
of  force  to  20°  on  the  scale  from  70°  to  90',  and  therefore  it 
is  quite  conceivable  that  we  nmy  Iobc  20"  from  the  furnace, 
and  gain  20°  in  the  condenser,  and  yet  have  obtained  a  cti^ 
tain  amount  of  derived  mechanical  power.  It  wiH  also  follow, 
upon  a  consideration  of  the  above  imaginary  experiments, 
that  the  greater  the  mechanical  power  required,  the  greater 
should  be  the  difierence  between  the  temperature  of  tlw 
furnace  and  that  of  the  condenser ;  but  the  exact  reUtion  ii 
temperature  between  these,  for  a  given  mechanical  effect,  has 
not,  as  far  as  I  am  aware,  been  satiaiactorily  established  by 
experiment,  though  it  has  been  shown  that  steam  at  hi^ 
presBore  produces,  comparatively,  a  greater  mechanical 
effect  for  the  same  number  of  degrees  than  steam  atlOV 


Carnot,  assuming  the  number  of  degrees  of  t«mperatiiM 
to  be  restored,  but  at  a  lower  point  of  the  thermometric  acal% 
termed  this  the  fall  (lAufe)  of  calorie.  The  mechanical  el 
of  heat,  on  this  view,  may  be  limned  to  that  of  a  Beriea  tf 
cascades  on  water-wheels.  T^e  highest  cascade  tnmB  ■ 
wheel,  and  produces  a  given  mechanical  effect ;  the  waiXt 
which  has  produced  this  cannot  again  eflect  it  at  the  n 
level  without  being  carried  back  to  its  original  elevation',!.  •• 
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without  an  estra  force  being  employed  equivalent  to,  or 
ra  her  a  fractioa  more  than  the  force  of  the  descendiiig 
water ;  but  though  ite  power  is  spent  witL  reference  (o  Uie 
first  wheel,  the  same  water  may,  by  toUiug  over  s  new 
precipice  upon  a  se.cond  wheel,  Bgaln  reprodoce  the  mtoe 
mecbanical  effect  (strictly  speaking,  railier  more,  for  il  liu 
approximaled  the  centre  of  gravity),  aod  so  on,  uutil  no 
lower  taH  can  he  attained.  So  with  heat :  it  involves  no 
necessity  ol'  assuming  perpetual  motion  to  ffuppone  that,  alter 
a  gireu  mechanical  effect,  produced  by  a  certain  loas  of  hesi, 
the  number  of  degrees  lost  from  the  original  tem|>erature 
may  be  restored  to  the  condenaer,  but  at  a  lower  point  of  Ihe 
thermometric  scale. 

If  work  has  been  done,  i.  e.  if  force  has  been  psrieil 
with,  the  original  temperature  itself  cannot  be  reatored,  but 
there  is  no  u  priori  impossibility  in  the  sanie  number  of 
degrees  of  heat  as  have  been  converted  into  work  being  con- 
veyed to  a  condensing  body  so  cold  that,  when  il  receives  thi» 
heat,  it  will  still  be  below  the  original  temperature  to  which 
the  work-producing  heat  was  added. 

In  the  theory  of  the  steam-engine,  this  enbject  potmeautt  ] 
a  great  practical  interest.  Watt  supposed  that  a  givei 
weight  of  water  required  the  same  quantity  of  what  ill 
termed  total  beat  (that  is,  the  sensible  added  to  Ihe  latent 
heat)  to  keep  it  in  the  stale  of  vapour,  whatever  was  the 
pressure  to  wljich  it  was  subjected,  and,  consequently,  Low- 
ever  its  expansive  force  varied,  Clement  Desormes  was 
also  supposed  to  have  experimentally  verified  this  law.  If 
tliis  were  so,  vapour  raising  a  piston  with  a  weight  attached 
would  produce  mechanical  power ;  and  yet,  the  same  heat 
eiOBting  as  at  first,  there  would  be  no  expenditure  of  the 
initial  force  ;  and  if  we  suppose  that  the  heat  in  the  condens* 
flc  was  the  real  representative  of  the  original  heat,  we 
Bhoald  get  perpetnal  motion.  Southern  supposed  that  the 
Lt  was  constant,  and  that  the  heat  of  vapour  under 
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pressure  increased  as  the  sensible  heat.  M.  Despretz,  in 
1832,  made  some  experiments,  which  led  him  to  the  con- 
clusion that  the  increase  was  not  in  the  same  ratio  as  the 
sensible  heat,  but  that  yet  there  was  an  increase ;  a  result 
confirmed  and  verified  with  great  accuracy  by  M.  Begnault, 
in  some  recent  and  elaborate  researches.  What  seems  to 
have  occasioned  the  error  in  Watt  and  Clement  Desormes' 
experiments  was,  the  idea  involved  in  the  term  latent  heat ; 
by  which,  supposing  the  phenomenon  of  the  disappearance  of 
sensible  heat  to  be  due  to  the  absorption  of  a  material  sub- 
stance, that  substance,  '  caloric,'  was  thought  to  be  restored 
when  the  vapour  was  condensed  by  water,  even  though  the 
water  was  not  subjected  to  pressure ;  but  to  estimate  the 
total  heat  of  vapour  under  pressure  the  vapour  should  be 
condensed  while  subjected  to  the  same  pressure  as  that  under 
which  it  is  generated,  as  was  done  in  M.  Despretz  and  M. 
Regnault's  experiments. 

M.  Seguin,  in  1839,  controverted  the  position  that  derived 
power  could  be  got  by  the  mere  transfer  of  heat,  and  by 
calculation  from  certain  known  data,  such  as  the  law  of  Mar^ 
iotte,  viz.  that  the  elastic  force  of  gases  and  vapours  increas- 
ed directly  with  the  pressure  ;  and  assuming  that  for  vapour 
between  100°  and  150"  centigrade,  each  degree  of  elevation 
of  temperature  was  produced  by  a  thermal  unit,  he  deduced 
the  equivalent  of  mechanical  work  capable  of  being  perform- 
ed by  a  given  decrement  of  heat ;  and  thus  concluded  that, 
for  ordinary  pressures,"  about  one  gramme  of  water  losing 
one  degree  centigrade  would  produce  a  force  capable  of  rais- 
ing a  weight  of  500  grammes  through  a  space  of  one  m^tre : 
this  estimate  is  a  little  beyond  that  given  by  the  converse  ex- 
periments of  Mr.  Joule,  already  stated,  in  which  the  heat 
produced  by  a  given  amount  of  mechanical  action  is  estimat- 
ed. I  am  not  aware  that  the  amount  of  mechanical  work 
which  is  produced  by  a  given  quantity  of  heat  has  been  di- 
rectly established  by  experiment,  though  some  approximatiye 
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results  in  particular  cases  have  l?een  given.  Theoretically  it 
should  be  the  same — ^that  is  to  say,  if  a  fall  of  772  lbs. 
through  a  space  of  one  foot  will  raise  the  temperature  of  1  lb* 
of  water  through  one  degree  of  Fahrenheit,  then  the  fall  in 
the  temperature  of  1  lb.  of  water  through  one  degree  of  Fah- 
renheit should  be  able  to  raise  772  lbs.  through  a  space  of 
one  foot.  The  calculations  of  M.  Seguin  are  not  far  from 
this,  but  since  the  elaborate  experiments  of  M.  Begnault  he 
has  expressed  some  doubt  of  the  correctness  of  his  former 
estimate,  as  by  these  experiments  it  appears  that,  within  cer- 
tain limits,  for  elevating  the  temperature  of  compressed  va- 
pour by  one  degree,  no  more  than  about  three-tenths  of  a  de- 
gree of  total  heat  is  required ;  consequently,  the  equivalent 
multiplied  in  this  ratio  would  be  1,666  grammes,  instead  of 
500.  Other  investigators  have  given  numbers  more  or  less 
discordant ;  so  that,  without  giving  any  opinion  on  their  dif- 
ferent results,  this  question  may  be  considered  at  present  far 
from  settled.  M.  Regnault  himself  does  not  give  the  law  by 
which  the  ratio  of  heat  varies  with  reference  to  the  pressure, 
and  is  still  believed  to  be  engaged  in  researches  on  the  sub- 
ject—one involving  questions  of  which  experiments  on  the 
mechanical  effects  of  elastic  fluids  seem  to  offer  the  most  pro- 
mising means  of  solution. 

I  have  endeavoured  to  give  a  proof  (by  showing  the 
anomaly  to  which  the  contrary  conclusion  would  lead)  that, 
whatever  amount  of  mechanical  power  is  produced  by  one 
mode  of  application  of  heat,  the  same  should,  in  theory,  be 
equally  produced  by  any  other  mode.  But  in  practice  the 
difference  is  immense ;  and  therefore  it  becomes  a  question 
of  great  interest  practically  to  ascertain  what  is  the  most 
convenient  mediimi  on  which  to  apply  tlie  heat  employed,  and 
the  best  machinery  for  economising  it.  One  great  problem 
to  be  solved  is  the  saving  of  the  heat  which  the  steam  in  or- 
dinary engines,  after  having  done  its  work,  carries  into  the 
condenser,  or,  in  the  high-pressure  engine,  into  the  air.      It 
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b  wxgaed  jou  hare  a  large  unoont  of  fiiel  oonsnined  to 
water  lo  the  boQiog  point,  at  whicfa  its  effioeDcj  as  a  molive 
aged  eommenees.  A^r  ithafidoaeasHnllportioaof  vrork, 
and  while  it  still  letahu  a  reiy  large  portioD  of  the  heat  ori» 
ginaHj  commanicated  to  it,  joa  reject  it,  and  hare  to 
a^ain  with  a  &esh  portion  of  steam  whidi  has  aimilariy  ex-' 
haunted  fuel — in  other  words,  joil  throw  awajr  aB,  and 
than  aQ  the  heat  whicii  has  been  emplojred  in  rai^ng  the' 
trater  to  the  boiling-  point.  VarioDs  plans  hare  been  devised 
to  remedr  this.  Using  again  the  warm  water  of  the  conden- 
ser to  feed  the  boiler  regains  a  part,  bat  a  reiy  axtall  part,  of 
the  heat.  En^loying  the  steam  first  for  a  high  pressure,  and' 
then  before  its  rejection  or  condensation  using  it  for  a  low 
pressure,  cylinder,  is  a  second  mode ;  a  third  is  to  nst 
steam,  after  it  baa  done  its  work  on  the  piston,  as  a  som 
heat  or  second  faraace,  to  boil  ether,  or  some  liquid  whidi 
evaporates  at  a  lower  temperature  than  water.  These  plans 
Lave  certain  advantages  ;  but  the  complesdtT  of  apparatus, 
the  danger  firom  combustion  of  ether,  and  other  rea 
have  hitherto  precluded  their  general  adoption.  Under  the 
term  regenerating  engine  various  ingenious  combinations 
have  lately  been  suggesled,  and  some  experimental  engines 
tried,  with  what  gnccesa  it  is  perhaps  too  early  at  present  to 
pronounce  an  opinion.  The  fundamental  notion  on  which 
this  class  of  engine  is  based  is  that  tbe  vapour  or  air,  when 
it  has  performed  a  certain  amount  of  work,  as  by  raising  a 
pistou,  should,  instead  of  being  condensed  or  blown  off,  he 
retained  and  again  heated  lo  its  original  high  temperature, 
and  then  used  de  novo;  or  that  it  sLould  impart  its  heat 
bome  other  substance,  and  tho  latter  in  turn  impart  it  to  1 
^  iresh  vapour  about  to  act.  The  latter  plan  has  beenproposed 
bj  Mr.  Ericsson :  he  passes  the  air  which  has  done 
work  ihrough  layers  of  wire  gauze,  which  are  heated  by  the 
rejected  air,  and  through  which  the  next  cliarge  of  s 
made  lo  pass.     M.  Seguin  and  Mr.  Siemens  have  conatniot' 
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ed  machines  upon  the  former  principle,  which  are  said  to 
have  given  good  experimental  results.  There  is,  however, 
a  theoretical  difficulty  in  all  these,  not  affecting  their  capabil- 
ity of  acting,  but  affecting  the  question  of  economy,  which  it 
does  not  seem  easy  to  escape  from.  Whether  the  heated  aii 
or  vapour  be  retained,  or  whether  it  yield  its  heat  to  a  metal- 
lic or  other  substance,  this  heat  must  exercise  its  usual  repul- 
sive force,  and  this  must  re-act  either  against  the  returning 
piston  or  against  the  incoming  vapour,  and  require  a  greater 
pressure  in  that  to  neutralise  it.  Vapour  raising  a  piston  and 
producing  meohanical  force  effects  this  with  decreasing  power 
in  proportion  as  the  piston  is  moved.  At  a  certain  point  the 
piston  is  arrested,  or  the  stroke,  as  it  is  termed,  is  completed, 
but  there  is  still  compressed  vapour  in  the  cylinder  capable 
of  doing  work,  but  so  little  that  it  is,  and  must  in  practice 
be  neglected ;  if  this  compressed  vapour  be  retained,  the  pis- 
ton cannot  be  depressed  without  an  extra  force  capable  of 
over  coming  the  resistance  of  this,  so  to  speak,  semi-compress- 
ed vapour,  in  addition  to  that  which  is  requisite  to  produce  the 
normal  work  of  the  machine ;  and  in  whatever  way  the  resi- 
dual force  be  retained,  it  must  either  be  antagonised  at  a  loss 
of  power  for  the  initial  force,  or  at  most  can  only  yield  the 
more  feeble  power  which  it  would  have  origiuaUy  given  if  it 
had  been  allowed  to  act  for  a  longer  stroke  on  the  piston.  It 
may  be  that  a  portion  of  this  residual  force  may  be  econo- 
mised ;  indeed,  this  is  done  when  the  boiler  is  charged  with 
warm  water  from  the  condenser,  instead  of  with  cold  water ; 
but  some,  indeed  a  notable  loss,  seems  inevitable. 

Without  farther  discussing  the  various  inventions  and  the- 
ories on  this  subject,  which  are  daily  receiving  increased  de- 
velopment, it  may  be  well  to  point  out  how  far  nature  dis- 
tances art  in  its  present  state.  According  to  some  carefrd  es- 
timates, the  most  economical  of  our  frimaces  consimie  from 
ten  to  twenty  times  as  much  friel  to  produce  the  same  quantity 

of  heat  as  an  animal  produces ;   and  Matteucci  found  that, 
6 
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troni  B  giTen  cossnmption  of  zinc  in  a  voltaic  baUeiy,  a 
greater  mechanical  eSect  coald  be  prodnced  by  making  it  ae 
on  ibe  limbs  of  a  recently-killed  frog,  notwitlislaading  tb 
manifold  defects  of  sueh  an  arrangement  and  ita  inferioril 
to  the  actioQ  of  the  living  animal,  than  when  the  same  ba 
tery  was  made  to  produce  mechanical  power,  by  acting  tm  a 
electro-magnetic  or  other  iirtificial  motor  apparatas.  The 
in  hi£  experiments  was  nearly  six  to  one.  Thns  in  aU  onr  art] 
ficial  combinations  we  can  but  apply  natural  forces,  and  witb 
far  inferior  mechanism  to  that  which  is  perceptibli 
economy  of  nature. 

Nature  ia  made  better  by  no  mean  ; 
Bnt  natnre  makes  that  mean ;  so  o'er  that  art 
Which  ;ou  say  adds  to  nature,  is  an  art 
That  natni'e  makes. 

A  speculation  has  been  thrown  out  by  Mr.  Thompwi]^ 
that,  as  a  certain  amount  of  heat  results  from  mechanical  S0> 
tion,  chemical  action,  &c,,  and  this  heat  is  radiated  into  spaCOj 
there  must  be  a  gradual  diminution  of  temperature  for  d>4 
earth,  by  which  expenditure,  however  slow, being continnooQ 
it  would  ultimately  be  cooled  to  a  degree  incompatible  will 
the  existence  of  animal  and  vegetable  lite — in  short,  that  the 
earth  and  the  planets  of  our  system  arc  parting  with  mon 
heat  than  they  receive,  and  are  therefore  progressively  axA 
jng.     Geological  researches  snpport  to  some  extent  Uiisviet 
as  they  show  that  the  climate  of  many  portions  of  the  tffrre 
trial  surface  was  at  remote  periods  hotter  than  at  the  presei 
time  :  the  animals  whose  fossilised  remains  are  foond  in  ai 
dent  strata  have  their  organism  adapted  to  what  we  shod 
now  term  a  hot  climate.     There  are,  however,  so  many  ei 
cnmstances    of    difficulty    attending    cosmical    spcculationfl 
that  but  little  reliance  can  be  placed  upon  the  most  profotindt 
We  know  not  the  original  source  of  terrestrial  heat ;    sMl 
less  that  of  the  solar  heat ;  we  know  not  whether  or  not  bjf4 
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terns  of  planets  may  be  so  constituted  as   to  communicate 
forces,  inter  se,  so  that  forces  which  have  hitherto  escaped 
detection  may  be  in  a  continuous  or  recurring  state  of  inter 
change. 

The  movements  produced  bj  mutual  gravitation  may  be 
the  means  of  calling  into  existence  molecular  forces  within 
the  substances  of  the  planets  themselves.  As  neither  from 
observation,  nor  from  deduction,  can  we  ^  or  conjecture  any 
boundary  to  the  universe  of  stellar  orbs,  as  each  advance  in 
telescopic  power  gives  us  a  new  shell,  so  to  speak,  of 
stars,  we  may  regard  our  globe,  in  the  limit,  as  surrounded  by 
a  sphere  of  matter  radiating  heat,  light,  and  possibly  other, 
forces. 

Such  stellar  radiations  would  not,  from  the  evidence  we 
have  at  present,  appear  sufficient  to  supply  the  loss  of  heat 
by  terrestrial  radiations  ;  but  it  is  quite  conceivable  that  the 
whole  solar  system  may  pass  through  portions  of  space  hav- 
ing different  temperatures,  as  was  suggested,  I  believe,  by 
Poisson ;  that  as  we  have  a  terrestrial  summer  and  winter, 
80  there  may  be  a  solar  or  systematic  summer  and  winter,  in 
which  case  the  heat  lost  during  the  latter  period  might  be  re- 
stored during  the  former.  The  amount  of  the  radiations  of 
the  celestial  bodies  may  again,  from  changes  in  their  positions^ 
vary  through  epochs  which  are  of  enormous  duration  as  re- 
gards the  existence  of  the  human  species. 

The  views  of  Mr.  Thompson  differ  from  those  of  Laplace, 
recently  enforced  by  M.  Babinet,  which  suppose  the  planets 
to  have  been  formed  by  a  gradual  condensation  of  nebulous 
matter.  A  modification  of  this  view  might,  perhaps,  be  sug- 
gested, viz.  that  worlds  or  systems,  instead  of  being  created 
as  wholes  at  definite  periods,  are  gradually  changing  by  at- 
mospheric additions  or  subtractions,  or  by  accretions  or  dim- 
inutions arising  from  nebulous  substance  or  from  meteoric 
bodies,  so  that  no  star  or  planet  could  at  any  time  be  said  to 
be  created  or  destroyed,  or  to  be  in  a  state  of  absolute  stabil- 
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ity,  but  that  some  may  be  increaaing,  others  dwindling  a"way, 
and  so  throoghout  the  utUTerse,  in  the  paat  as  in  the  future. 
When,  however,  questions  relating  to  cosmogony,  or  t 
beginning  or  end  of  worlds,  are  .contemplated  from  a  phyGi- 
cal  point  of  view,  the  period  of  time  ttTer  which  our  espui> 
ence,  in  its  most  enlarged  sense,  extends,  is  so  indefinitely 
minute  with  reference  to  that  which  must  be  required  for  any 
notable  change,  even  in  our  own  planet,  that  a  variety  of  the. 
ories  may  be  framed  equally  incapable  of  proof  or  of  diB* 
proof.  We  have  no  means  of  ascertaining  whether  many 
changes,  which  eadure  in  the  same  direction  for  a  term  be- 
yond the  range  of  human  experience,  are  really  continuous  oi 
only  secular  variations,  which  may  be  compeaaated  for  at 
periods  far  beyond  our  ken,  so  that  in  such  cases  the  ques- 
tjon  of  comparative  stability  or  change  can  at  best  bo  tndy 
answered  as  to  a  term  which,  though  enormous  with  refei^ 
ference  to  our  computations,  sinks  into  nothing  with  refereneo 
to  cosmical  time,  if  cosnxical  time  be  not  eternity.  Subjects 
each  as  these,  though  of  a  kind  on  wliich  the  mind  deh^t* 
to  speculate,  appear,  with  reference  to  any  hope  of  attaimii| 
reliable  knowledge,  far  beyond  the  reach  of  any  present  o 
immediately  prospective  capacity  of  man. 


ELECTRICITY  is  that  affecHon  of  matter  or  mode  dtf:| 
force  which  moat  distinctly  aad  beaoliliilly  relates  otb« 
modes  of  force,  and  exhibits,  to  a  great  extent  in  a  qnaoUt**  . 
tivo  form,  its  own  relation  with  them,  and  their  rociprocdl 
relations  with  it  and  with  each  other.  From  the  manner 
m  which  the  peculiar  force  called  electricity  is  Mcmingly 
transmitted  through  certain  bodies,  such  a<  metallic  wircx, 
the  lena  ci^rent  ia  commonly  used  to  denote  its  apparent 
progress.  It  is  very  difficult  to  present  to  the  mind  any 
theory  which  will  ^ve  a.  definite  conception  of  ita  mndtu 
tu/endi:  the  early  theories  regard  its  phenomena  as  prodneed 
either  by  a  single  fluid  idio-re  puis  ire,  but  attractive  of  all 
matter,  or  else  as  produced  bj  two  fluids,  each  idio-repulnive 
but  attractive  of  the  other.  No  substuntive  theory  has  been 
proposed  other  than  these  two  ;  bat  although  this  b  the  coso, 
I  think  I  shall  not  be  unsupported  by  many  who  have  atten- 
tively studied  electrical  phenomena,  in  viewing  them  as  re- 
Bdlting,  not  from  the  action  of  a  fluid  or  fluids,  but  as  a  mole- 
cular polarisation  of  ordinaiy  matter,  or  as  matter  acting  by 
attraction  and  repulsion  in  a  definite  direction.  Thus,  the 
transmission  of  the  voltaic  current  in  liquids  ia  viewed  by 
Grotthus  as  a  series  of  chemical  affinities  acting  in  a  definite 
direction :  for  instance,  in  the  electrolysis  of  water,  i.  e.  its 
decomposition  when  placed  between  the  poles  or  electrodes 
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of  a  voltaic  battery,  a  molecule  of  oxygen  is  supposed  to  !)• 
displaced  bj  the  exalted  attraction  of  the  neighbooriDg  eleo- 
trade ;  the  hydrogen  hberal«d  hj  this  diaplacement  unites 
with  the  oxygen  of  the  contiguous  molecule  of  'water ;  this  in 
torn  liberates  its  hydrogen,  and  so  on ;  the  cnrrent  being 
nothing  else  than  this  mDlecular  tranamiseion  of  cbemicol 
affinity. 

There  is  strong  reason  for  believing  that,  with  some 
ceptions,  such  as  fused  metals,  liquids  do  not  conduct  eleo 
tricity  without  undergoing  decomposition  ;  for  even  in  those 
extreme  cases  where  a  trifling  effect  of  conduction  is  appap- 
ently  produced  without  the  usoal  elimination  of  substances  at 
the  electrodes,  the  latter  when  detached  from  the  circuit 
show,  by  the  counter-current  which  they  are  capable  of  pro- 
ducing when  inuneraed  in  a  fi'esh  liquid,  that  their  superficial 
state  has  been  changed,  doubtless  by  the  determination  to- 
the  surfaces  of  minute  layers  of  substances  baring  opposita 
chemical  characters.  The  question  whether  or  not  a  minutfl 
conduction  in  liquids  can  lake  place  unaccompanied  by  chemi^ 
cal  action,  has  however  been  much  agitated,  and  may  Ix 
garded  as  ifder  apicee  of  the  sotence. 

Assuming  for  the  moment  electrolysis  to  be  the  only 
known  electrical  phenomenon,  electricity  would  appear  to  con- 
sist in  transmitted  chemical  action.  All  the  evidence  wft' 
have  is,  that  a  certain  affection  of  matter  or  chemical  change 
takes  place  at  certain  distant  points  of  spa'ce,  the  change  at 
one  point  having  a  definite  relation  to  the  ehange  at  the 
other,  and  being  capable  of  manifestation  at  any  intermediate 
points. 

If,  now,  the  electrical  effect  called  induction  be  examined, 
the  phenomena  will  be  found  equally  opposed  to  the  theory  of 
a  fluid,  and  consistent  with  that  of  molecular  polarisation. 
When  an  electrified  conductor  is  brought  near  another  which 
is  not  electrified,  the  latter  becomes  electrified  by  influenea  or 
induction,  as  it  is  termed,  the  nearest  parts  of  ettch  of  t 
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die  explaBstifm  lie  gKfe,  MdABd  bdbw  e^NsiHKHlB 

Aflt  the  intcTTBmng  AdBOric  s  mdaeabnirpalaii 

X  BBnaber  of  Ikin  jiatEe  of  micA  ant  R^wposM 

of  ends;  metalBe  i^oies  are  afifSad  to  &e  outer 

(Mwef  dtest  electrified,  so  ibat  die  ■ff—'-n  ' 

a  LeTdeo  ptiial.     Upon  p^uualli^  ike  fJairt '« 

btttdiM,  eack  ptate  w  Hfnstcfy  eiBebifie>d,  ow  ade  «f  i 

b^Dg  pantiT«  and  the  otLer  i 

and  deoBiTelT  a  p 

BUnces  hy  the  tdfecl  of  it 

Indeed,  dtemieal   acdon  or  electraljsse  n>7,  sa  I  faMV4 
shown,  be  trsnfimitted  bj  indnctioD  kcroas  a  ^elediic  nA*  9 
etaace,  each  as  ^&as,  bnt  ^qtarently  ool;  wbile  the  glass  is  I 
being  charged  with  electrici^.     A  wire  passii^  throng  oA 
henneticiiUj  sealed  inio  a  glass  tabe,  a  ahoti  portion  onl^  pttH 
jecting,  is  made  to  dip  into  water  contained  in  a  Florence 
floak;  the  flaak  is  immersed  in  walei  to  an  eqoal  doplh  with 
that  within  it ;  the  wire  and  another  aimilar  wire  dipjung 
into  the  outer  water  are  made  to  commuuii'ale  mclnllically 
with  the  powerfid  electrical  machiae  kiiown  as  Khumkurrs 
coil ;  bubbles  of  gas  instantly  ascend  from  the  esposoil  por- 
tions of  the  wires,  but  cease  ai^er  a  certain  time,  aud  aro 
renewed  when,  after  an  interval  of  separation,  tho  coil  is 
again  connected  with  the.  wires. 

The    following  interesting  experiment,  by  Mr.   Karslun 
-goes  a  step  farther  in  corrolioration  of  thu  molecular  cUungui 
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consequent  upon  electrisation ;  A  coin  is  placed  on  a  pack  ol 
tliin  plates  of  glass,  and  then  electrified.     On  removing  ( 
coin  and  brettlhing  on  the  glass  plate,  an  impression  of  t 
coin  is  perceptible  7  this  shows  a  certain  molecular  change 
the  surface  of  the  glass  opposed  to  the  plate,  or  of  the  vapot 
condensed  on  such  surface.     Tiiis  effect  night,  and  has 
interpreted  as  arising  from  a  film  of  greaey  deposit,  suppose! 
to  exist  on  the  plate ;  the  impressions,  however,  have  beoi 
proved  to  penetrate  lo  eerlain  depths  helow  the  surface,  aai 
not  to  be  removed  by  polishing. 

The  following  experinDcnt,  however,  goes  farther :  OA 
separating  carefully  the  gloss  plates,  images  of  the  coi 
be  developed  on  each  of  the  Burfaees,  showing  that  the  mole- 
cular change  has  been  transmitted  through  the  eubstanCB  of^ 
the  glass ;  and  we  may  thence  reasonably  suppose  that  a 
piece  of  glass,  or  other  dielectric  body,  if  it  could  be  split  np 
while  under  the  influence  of  electric  induction,  would  exhibit' 
some  molecular  change  at  each  side  of  each  lamina,  however 
minutely  subdivided.  I  have  succeeded  in  farther  extending 
this  experiment,  and  in  permanently  fixing  the  images  thui 
produced  by  electricity.  Between  two  carefully-cleimed  glasi 
plates  is  placed  a  word  or  device  cut  out  of  paper  or  tinfoil' 
sheets  of  tinfoil  a  little  smaller  than  the  glass  plates  an 
placed  on  tlie  outside  of  each  plate,  and  these  coatings  an 
brought  into  contact  with  the  terminals  of  Rhumkorf  8  coil 
After  electrisation  for  a  few  seconds,  the  glasses  are  sepa 
rated,  and  their  interior  euriaces  exposed  to  the  vapour  of 
hydrofluoric  acid,  which  acts  chemically  on  glass ;  the  por 
tions  of  the  glass  not  protected  by  the  paper  device  are  coi< 
roded,  "while  those  so  protected  are  untouched 
affected  by  the  acid,  so  that  a  permanent  etching 
produced,  which  nothing  but  disintegration  of  the  glaBB  wil 
efface. 

Some  further  experiments  of  mine  on  this  subject  bnn|f 
•at  in  a  still  more  striking  manner  these  curious  molecida 
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elianges.  One  of  the  platea  of  glasa  Iiavii^  been  electrified 
in  the  niaaner  just  mentiuDed,  in  coated,  on  the  side  impressed 
with  the  mvisible  electrical  image,  with  a  film  of  iodised 
coUodioD  in  the  maunor  usually  adopted  for  photographic 
purposes  ;  it  is  then  in  a  dark  room  immeraed  ia  a  solution 
of  aitrotc  of  silver ;  then  exposed  to  diffuse  light  for  a  iew 
seconds.  On  pouring  over  the  coUodion  the  usual  solution 
of  pyrogallic  atid,  the  invisible  electrical  image  is  brought 
out  as  a  diirk  device  on  a  hgUt  ground,  and  can  be  permanently 
Used  by  hyposulphite  of  soda.  The  point  worthy  of  obser- 
vation in  ihis  experiment  is,  that  this  permanent  Image  exists 
in  the  collodion  film,  which  can  be  stripped  off  the  glass,  dried, 
and  placed  on  any  other  surface,  so  that  the  molecular  change 
consequent  on  electrisation  has  communicated,  by  contact  or 
close  proxiniily,  a  change  to  the  film  of  collodion  corres- 
ponding in  form  with  that  on  the  glass,  but  being  undoubtedly 
of  a  chemical  nature.  Electricity  has,  moreover,  in  this  ex- 
periment so  modified  the  surface  of  glass,  that  it  can.  In  its 
turn,  modify  the  structure  of  another  substance  so  as  to  alter 
the  relation  of  the  latter  to  light.  It  would  require  a  curious 
Gomph'cation  of  hypothetic  fluids  to  explain  this  ;  but  if  elcc- 
Uiclty  and  light  be  supposed  to  be  afiections  of  ordinary  pon- 
derable matter,  the  difiiculty  Is  only  one  of  detail. 

If,  again,  we  examine  the  electricity  of  the  atmosphere, 
when,  as  is  usually  the  case,  it  is  positive  with  respect  to  that 
of  the  earth,  we  find  that  each  successive  stratum  is  positive 
to  those  below  it  and  negative  to  those  above  it ;  and  the  con- 
verse la  the  case  when  the  electricity  of  the  atmosphere  Is 
negative  with  respect  to  that  of  the  earth. 

If  another  electrical  phenomenon  bo  selected,  another  sort 
of  change  will  be  found  to  have. taken  place.  The  electric 
spark,  the  brush,  and  similar  phenomena,  the  old  theories 
regarded  aa  actual  emanations  of  the  matter  or  fluid,  Elec- 
tricity ;  I  venture  to  regard  them  as  produced  by  an  emission 
^ttte  material  itself  from  whence  they  issue,  and  a  moleculai 
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Mtioa  «f  ifae  ^B,  nr  irf*Ti"-^"—i  ifam^  or  acioas  -n-Lidi 

1^  «oloar  of  Ike  tkrtrie  ipiil ,  or  of  tbe  TOltaic  arc  (i. 
e.  ibe  Sane  wUeb  I^mx  ImImum  the  tsmiaal  pointa  of  a 
powcriid  Tohue  ImUoj),  ii  ilifiiiihiil  apen  the  sobstaim  of 
Hfif  dw  iutemwdiam: 
e  ia  bhiiB ;  from  sitrer, 
g ;  pfctasely  tbe  coloon 
1  bj  Aeae  HirtMb  m  tfaH"  ordiimy  combnstion.  A 
poitioo  at  the  netal  ■■  abo  fiiaad  to  be  acnuJl;  transmitted 
wiiii  enesy  dectric  or  rohue  fsdufge:  ia.ihe  latter  case, 
indeed,  «r1»a«  the  qiuntity  of  auOKr  sded  npon  is  greater 
tban  in  the  Sanmer,  tbe  ra«Ullic  putides  emitted  by  tbe  elec< 
trodee  or  terminals  caa  be  readily  roHected,  lesied,  or  even 
wei^ted.  It  wmiLd  iboa  a[^ear  tbat  tbe  dedrical  diacbarge 
arises,  at  leaat  in  part,  fiom  an  actual  nfmlsioo  and  serep- 
aooe  of  tbe  electiiSedmalleriteelf,  wbicbfiiesoff  attbepointf 
of  kaet  resistance. 

A  carefiil  examination  of  tbe  pbenomena  attending  the- 
elertric  spark  or  ibe  voltaic  arc,  wbicb  latter  is  tbe  electria 
dismpdve  discharge  acting  on  greater  portions  of  matter) 
tends  to  modify  considerably  our  preTioos  idea  of  the  natore 
of  the  electric  force  as  a  prodncer  of  ignition  and  combustion, 
11)6  Tohaic  arc  ia  perbaps,  strictly  speaking,  neither  ignitioa 
nor  combustion.  It  ia  not  simply  ignition ;  becaose  tbe  : 
ter  of  tbe  terminals  is  not  merely  brongbt  to  a  state  of  iiicaii* 
deecence,  bat  ia  physically  separated  and  partially  tronsfc 
&om  one  electrode  to  another,  much  of  it  being  diasipated  in 
a  Taporona  state.  It  ia  not  combustion ;  for  tbe  phcnoi 
will  take  place  independently  of  atmospheric  air,  oxygen  guSf 
or  any  of  the  bodies  oanally  called  aupportera  of  comboBtiaii, 
combustion  being  in  fact  chemical  tmion  attended  with  heat 
and  light.  In  the  voltaic  arc  we  may  have  no  chemical  union) 
for  if  the  experiment  be  perlbrmed  in  ao  exhausted  receiver,  of 
in  nitrogea,  tlie  substance  forniing  the  electrodes  is  condei 
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aisid  precipitated  upon  the  interior  of  the  vessel  in,  chemically 
speaking,  an  unaltered  state.  Thus,  to  take  a  very  striking 
example,  if  the  voltaic  discharge  be  taken  between  zinc  ter- 
minals in  ah  exhausted  receiver,  a  fine  black  powder  of  zinc 
is  deposited  on  the  sides  of  the  receiver ;  this  can  be  collect- 
ed, and  takes  fire  readily  in  the  air  by  being  touched  with  a 
match,  or  ignited  wire,  instantly  burning  into  white  oxide  of 
einc.  To  an  ordinary  observer,  the  zinc  would  appear  to  be 
burned  twice — ^first  in  the  receiver,  where  the  phenomenon 
presents  all  the  appearance  of  combustion,  and  secondly  in 
the  real  combustion  in  air.  With  iron  the  experiment  is 
equally  instructive.  Iron  is  volatilised  by  the  voltaic  arc  in 
nitrogen  or  in  an  exhausted  receiver ;  and  when  a  scarcely 
perceptible  film  has  lined  the  receiver,  this  is  washed  with  an 
acid,  which  then  gives,  with  ferrocyanide  of  potassium,  the  prus- 
sian-blue  precipitate.  In  this  case  we  readily  distil  iron,  a 
metal  by  ordinary  jnesnis/ibsible  only  at  a  very  high  tempera- 
ture. 

Another  strong  evidence  that  the  voltaic  discharge  con- 
sists of  the  material  itself  of  which  the  terminals  are  compos- 
ed, is  the  peculiar  rotation  which  is  observed  in  the  light 
when  iron  is  employed,  the  magnetic  character  of  this  metal 
causing  its  molecules  to  rotate  by  the  influence  of  the  voltaic 
current. 

If  wft  increase  the  number  of  reduplications  in  a  voltaic 
series,  we  increase  the  length  of  the  arc,  and  also  increase  its 
intensity  or  power  of  overcoming  resistance.  With  a  battery 
consisting  of  a  limited  number,  say  100  reduplications,  the 
discharge  will  not  pass  from  one  terminal  to  the  other  with- 
out first  bringing  them  into  contact,  but  if  we  increase  the 
number  of  cells  to  400  or  500,  the  discharge  will  pass  from 
one  terminal  to  the  other  before  they  are  brought  into  contact. 
The  difference  between  what  is  called  Franklinic  electricity,  or 
that  produced  by  an  ordinary  electrical  machine,  and  voltaic  elec* 
tricily,  or  that  produced  by  the  ordinary  voltaic  battery,  is  that 
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the  Tormer  ie  of  much  greater  intenBity  than  the  latter,  or  bae  a 
greater  power  of  OTorcommg  roeistance,  but  acts  upon  a  mach 
Bmaller  quantity  of  matter.  If,  then,  a  voltaic  batteiy  be 
formed  with  a  view  to  increase  the  intensity  and  lesaen  the 
quantity,  the  character  of  the  electrical  phenomena  approxi- 
mate those  of  the  electrical  machine.  In  order  to  effect  this, 
the  sizes  of  the  plates  of  the  battery  and  thence  the  quaDtit7 
of  mutter  acted  on  In  each  cell,  m.ust  he  reduced,  but  the 
number  of  reduplications  incroaBed,  Thus  if  in  a  battery  of  1 00 
pairsof  plates  each  plate  bodivided,  and  the  battery  bo  arranged 
BO  as  to  form  200  pairs,  each  being  half  the  original  size,  the 
quantitative  effects  are  diminished,  and  the  effects  of  intensi- 
ty  increased.  By  carrying  on  thfa  Bub-divisioa,  diminishing 
the  sizes  and  increasing  the  number,  as  is  the  case  in  the  vol- 
taic piles  of  Doluc  and  Zamhoni,  effects  are  ultimately  pro- 
duced similar  to  those  of  Frankiiiiic  electricity,  and  we  Ihaa 
gradually  pass  from  the  voltaic  arc  to  the  spark  or  electiic 
discharge. 

This  discharge,  as  1  have  already  stated,  has  a  colour  d^ 
pending  in  part  upon  the  nature  of  the  terminals  employed. 
If  these  terminals  be  highly  polished,  a  spot  will  be  observed, 
even  in  the  case  of  a  small  electric  spark,  at  the  points  from 
■which  the  discharge  emanates.  The  matter  of  the  terminalB 
is  itself  affected ;  and  a  transmission  of  this  matter  across 
the  intervening  space  is  detected  by  the  deposition  of  minute 
quantities  of  the  metal  or  subBtance  composing  the  one,  upon  the 
other  terminal. 

If  the  gas  or  elastic  medium  between  the  terminals  be 
changed,  a  change  takes  place  in  the  length  or  colour  of  the 
discharge,  showing  aa  affection  of  the  intervening  matter. 
If  the  gas  be  rarefied,  the  discharge  gradually  changes  witlt 
the  degree  of  rarefaction,  from  a  spark  to  a  lurainons  glow  or 
diffuse  hght,  differing  in  colour  in  different  ga^es,  and  capable 
of  extending  to  a  much  greater  distance  than  when -it  takes 
place  in  air  of  the  ordinary  densify.     Thus,  in  highly  att 


B.  dischftrge  may  be  tnuie  tti  past  m 
feeA  of  space,  while  in  air  of  U>«  ordinazy  d 
not  pass  across  an  inch.  Aa  ot^^^rrer  regardiag  ifc*  LtiMJ 
fill  phenomena  exhibited  by  this  e. 
ted  gaB,  which,  &om  Bonae  degree  tt(  a 
ance  to  the  Aurora  Borealis,  has  been  caOed  tte  dectric  As- 
rora,  would  hare  some  difficnbj  in  bdierii^  cadi  VBtam 
could  be  due  to  an  action  of  ordiiuiy  nstMr.  The  rw^n* 
of  gas  present  is  extremdv  smaQ ;  sad  iIk  t«niBiMla,  t«  » 
cnrsoiy  esamination,  show  no  dtai^  after  \tm^  espenneBt- 
ing.  It  is  tiierefore  not  to  be  wondered  at  that  tbe  ftrat  ot^ 
eerycrs  of  this  and  similar  phenomena,  regarded  electrictly 
as  in  itself  something — as  a  specific  eiisleiice  orftnd.  Etcd 
in  this  extremecase,howeTer,iiponamorecaicfid 
we  shall  find  that  a  L-hange  does  take  place,  botb  a>  re 
and  as  regards  the  terminals.  Let  one  of  these  conmsicf  •  U^v 
ly-polished  metal — a  silver  plateisoneof  tl 
the  purpose — and  let  the  discbarges  in  atteonsled  s 
air  take  place  &oma  point,  say  a  eomnuHi  sewingiMedle,t< 
Borfaee  of  the  polished  silver  plate ;  it  will  be  fomtd  tl 
is  gradually  changed  in  appearance  opposite  the  point — it  is 
idated,  and  gradually  more  and  more  corroded  as  the  discbi 
is  continued. 

If  now  the  gas  be  changed,  and  highly-^^refied  hydrogen 
be  substituted  for  the  rarefied  air,  all  other  things  remaining 
the  same,  upon  passing  the  discharges  as  before  the  oxiil« 
wiU  be  cleared  off  the  plate,  and  the  polish  to  a  great  extent 
restored — not  entirely,  because  the  silver  has  been  disinte- 
grated by  the  oxidation — and  the  portion  which  has  been  af- 
fected by  the  discharge  will  present  a  somewhat  different  a(>- 
pearance  from  the  remainder  of  tbe  plate. 

A  question  will  probably  here  occur  to  the  reader : — What 
will  be  the  effect  if  there  be  not  an  oxidating  medium  pres- 
ent, andthe  experiment  be  first  performed  in  a  rarefied  gas, 
trliich  possesses  nrfpower  of  chemically  acting  on  the  plate? 
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In  this  case  there  will  still  bo  a  moleculaT  change  or  dieinte- 
gration  of  the  plate  ;  the  portioa  of  it  acted  on  by  the  tiin 
charge  will  present  a  different  appearance  Irom  that  wliicli  i 
beyond  ita  reach,  and  a  whitish  film,  somewhat   similar  to 

,  seen  on  the  mercurialised  portions  of  a  daguerreotype, 
■will  gradually  appear  on  the  portion  of  the  plate  affected  by 
the  discharge.     If  the-gas  he  a  compound,  as  carbonic  oxide, 

mixture,  as  oxygen  and  hydrogen,  and  consequently  contain 
elements  capable  of  producing  oxidation  and  reduclioD,  then 
the  effect  upon  the  plate  %vill  depend  upon  whether  it  be  pos- 
itive or  negative  ;  in  the  fonner  case  it  will  be  oxidated,  in 
the  latter  the  oxide,  if  existing,  will  he  reduced.  This  effect 
will  abo  take  place  in  fttmoapheric  air,  if  it  be  highly  rare- 
fied, and  can  hardly  be  explained  otherwise  than  by  a  mole' 
eular  polarisation  of  the  compound  gas.     If,  again,  the  metal 

reduced  to  a  small  point,  and  be  of  such  material  that  the 
gas  cannot  act  chemically  upon  it,  it  can  yet  be  shown  to  be 
disintegrated  by  the  electric  spark.     Thus,  let  a  fine  plati- 

a.  wire  be  hermetically  sealed  in  a  glass  tube,  and  the  ex- 
tremity of  the  tube  and  the  ivire  ground  to  aflat8urfaee,8oas  to 
expose  a  section  only  of  the  wire;  after  taking  the  discharge 
&om  this  for  some  time,  it  will  be  found  that  the  platinum 

a  is  worn  away,  and  that  ita  termination  is  sensibly  below 
the  level  of  the  glass.  If  the  discharges  from  such  a  plali- 
um  wire  be  taken  in  gas  contained  in  a  narrow  tube,  a  cloud 
r  film  consisting  of  a  deposit  of  platinum  will  be  seen  on 
the  part  of  the  tube  surrounding  the  point. 

Another  curious  effect  which,  in  addition  to  the  above,  I 
have  detected  in  the  electrical  discharge  in  attenuated  medift, 
is  that  when  passing  between  terminals  of  a  certain  form,  as 
from  a  wire  placed  at  right  angles  to  a  polished  plate,  the  dis- 
charge possesses  certain  phases  or  fits  of  an  alternate  character, 
BO  that,  instead  of  impressing  an  uniform  mark  on  a  polisho^ 
plate,  a  series  of  concentric  rings  is  formed.  • 

Priestley  observed  that,  ailer  the  discltarge  of  a  Leyden 
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J  of  fiised  globules  of  metal  were 
fbrmed  on  ihe  terminal  plales ;  in  my  eKp^rmients  ma^le  io 
atteauttted  media,  allemalc  rings  of  oxidation  and  deoxidn- 
lioD  are  formed.  Tbus,  if  tlie  plate  be  poliahed,  coloured 
'  rings  of  oxide  will  alternate  with  ring?  of  polished  or  nnoxi- 
dated  surface  ;  and  if  the  plat*  be  previously  coated  wiih  an 
uniform  film  of  oxide,  the  oxide  will  be  removed  in  eonc'en- 
tric  spaces,  and  increased  in  the  alternate  ones,  showing  a 
lateral  altemation  of  positive  and  negative  eleetrieity,  or 
electricity  of  opposite  character  in  the  same  discliarge. 

It  would  be  hasty  to  assert  that  in  no  case  can  the  electri- 
cal disruptive  discharge  take  place  without  the  terminals  be- 
ing affected.  I  have,  however,  seen  no  instance  of  such  a  re- 
sult where  the  discharge  has  been  sulBcionlly  prolonged,  and 
the  terminals  in  such  a  state  as  could  be  expected  to  i-endet 
manifest  slight  changes. 

The  next  question  which  would  occur  in  following  out  the 
enquiry  which  has  been  indicated,  would  probably  be,  Wliut 
is  the  action  upon  the  gas  itself?  is  this  changed  in  any  man- 
In  answer  to  this,  it  must  be  admitted  that,  in  the  present 
state  of  experimental  knowledge  on  this  subjoct,  certain 
gases  only  appear  to  leave  permanent  traces  of  their  having 
been  changed  by  the  discharge,  while  others,  if  affected  by 
it,  which,  as  wUl  be  presently  seen,  there  are  reasons  lo  be- 
lieve they  are,  return  to  their  normal  state  immediately  after 
the  discharge. 

In  the  former  class  we  may  place  many  compound  gaacs, 
as  ammonia,  olefiant  gas,  protoxide  of  nitrogen,  deutoxide 
of  nitrogen,  and  others,  which  are  decomposed  by  the  action 
of  the  discharge.  Mixed  gases  are  also  chemically  combined  : 
for  instance,  oxygen  and  hydrogen  unite  and  form  water ; 
common  air  gives  nitric  acid ;  chlorine  and  aqneoua  vapour 
give  oxygen,  the  chlorine  uniting  with  the  hydrogen  of  the 
water. 
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But,  further  than  this,  in  the  case  of  certain  elementary 
gaaea  a  permanent  change  is  effected  by  the  electrical  dis- 
charge. Thus,  osygen  submitted  to  tLe  discharge  ia  par< 
tially  chan^d  into  the  substance  now  considered  to  be  an  al- 
lotropic  condition  of  oxygen  ;  and  there  is  reason  to  believe 
that  when  the  change  takes  place,  there  is  a  definite  polar 
condition  of  the  gas,  and  that  definite  portions  of  it  are  affected 
—that  in  a  certain  sense  one  portion  of  the  oxygen  beara 
temporarily  to  tlie  other  the  relation  wMch  hydrogen  ordina- 
rily does  to  oxygen. 

If  tbe  discharge  be  passed  through  the  vapour  of  phos- 
phorus in  the  vacuum  of  a  good  aii^pump,  a  deposit  of  allotro- 
pie  phosphorus  soon  coats  the  interior  of  the  receiver,  allow- 
ing an  analogous  change  to  that  produced  in  osygen  ;  and  ia 
this  case  a  series  of  transverse  bands  or  stratiScalions  appears 
in  tbe  discharge,  showing  a,  most  striking  alteration  in  it« 
physical  character,  dependent  on  the  medium  across  which  it  ia 
tranamitled.  These  effects  were  first  observed  by  me  in 
the  year  1852,  They  have  since  been  much  examined  by 
continental  philosophers,  and  much  extended  by  Mr.  Gasaiot ; 
but  no  satisfactory  rationale  of  them  has  yet  been  given- 
There  are  many  gases  which  either  do  not  show  any  per- 
manent change,  or  (which  is  more  probably  the  case)  the 
changes  produced  in  tliem  by  the  electrical  discharge  have 
not  yet  been  detected.  Even  with  these  gases,  however,  tha 
difference  of  colour,  of  length,  or  of  the  different  position  of 
a  certain  dark  space  or  spaces  which  appear  in  the  discharge, 
show  that  the  discharge  differs  for  different  media.  We  nev- 
er find  that  the  discharge  baa  itself  added  to  or  auhtracl«d 
from  the  total  weight  of  the  substances  acted  on :  we  find  no 
evidence  of  a  fluid  but  the  visible  phenomena  themselves ; 
and  those  we  may  account  for  by  the  change  which  takes 
place  in  the  matter  affected. 

I  have  here,  as  elsewhere,  used  words  of  common  aoccf)- 
lation,  such  as  '  matter  afiected  by  the  discharge,'  &c.,  tluugb 
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view  1  am  Buggeeting,  the  discharge  is  itself  this 
afTection  of  ifAtter :  and  the  writing  these  pasBHgoe  afibriis, 
to  me  at  least,  a  striking  instance  of  how  mncb  ideas  are 
bound  up  ia  words,  when,  to  express  a  view  differing  from 
the  received  one,  words  involving  the  receired  one  are  neces- 
sarily used. 

Passing  now  to  the  effect  of  the  transmiasion  of  electri- 
city by  the  class  of  the  best  conducting  -bodies,  such  as  the 
metals  and  carbon,  here,  though  we  cannot  at  present  give  the 
exact  character  of  the  motion  impressed  upon  the  particles, 
Uiere  are  yet  many  esperimenta  which-  show  that  a  change 
takes  place  in  such  substances  when  they  are  affected  by  elec- 

Let  discharges  from  a  Leyden  jar  or  battery  be  passed 
through  a  platinum  wire,  too  thick  to  be  ftised  by  the  dis- 
ehai^ea,  and  free  from  constraint,  it  will  be  found  that  the 
wire  is  shortened ;  it  has  undergone  a  molecular  change,  and 
apparently  been  acted  on  by  a  force  tranverae  to  its  length. 
If  the  discharges  be  continued,  it  gradually  gathers  up  in 
small  irregular  bends  or  convolutions.  So  with  voltaic  elec- 
tricity :  place  a  platinum  wire  in  a  trough  of  porcelain,  so 
that  when  fused  it  shall  retain  its  position  as  a  wire,  and  then 
ignite  it  by  a  voltaic  battery.  As  it  reaches  the  point  of  fu- 
sion it  will  snap  asunder,  showing  a  contraction  in  length,  and 
consequently  a  distension  or  increase  m  ita  tronaverse  dimon- 
Bions.  Perform  the  same  experiment  with  a  lead  wire, 
wliich  can  be  more  readily  kept  in  a  flfate  of  fusion,  and  fol- 
low it,  as  it  contracts,  by  the  terminal  wires  of  the  battery ; 
it  win  be  seen  to  gather  up  in  nodules,  which  press  on  each 
other  like  a  string  of  beads  of  a  soft  material  which  have 
been  longitudinally  compressed. 

As  we  increase  the  thickness  of  the  ■wires  in  these  expeiy 
imenis  with  reference  to  tJic  electrical  force  employed,  we  lea- 
Ben  the  perceptible  effect :  but  even  in  this  case  we  shall  be 
enabled  safely  to  infer  that  some  molecular  change  accompa- 
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niee  the  trausmiasion  of  electricity:  the  wires  are  heated  in  a 
degree  decreasing  aa  their  thickness  increases — but  by  in- 
creasing the  delicacy  of  oar  tests  as  the  heating  effects  de- 
crease in  intensity,  we  may  indcSaitely  detect  the  augmentar- 
tion  of  temperature  accompauying  the  passage  of  electri- 
city— and  wherever  there  ia  augmentation  of  temperature 
there  must  be  expaosion  or  change  of  position  of  the  mole- 
Again,  it  has  been  observed  that  wireB  which  have  for  a 
laag  time  transmitted  electricity,  such  as  those  which  have 
served  aa  conductors  for  atmospheric  electricity,  have  their 
texture  changed,  and  are  rendered  brittle.  In  this  obeerva* 
tion,  however,  though  made  by  a  skillful  electrician,  M.  "Pdf 
tier,  the  efiecta  of  espoaure  to  the  atmoaphere,  to  changes  of 
temperature,  &c.,  have  not  been  sufBciently  eliminated  to 
render  it  worthy  of  entire  confidence.  There  are,  however, 
other  experiments  which  show  that  the  elaaticity  of  metale  is 
changed  by  the  pasaage  through  them  of  the  electric  current. 

XhuB  M.  Wertheim  has,  from  an  elaborate  aeriea  of 
periments,  arrived  at  the  concluaion  that  there  is  a  temporary 
diminution  in  the  coeificieat  of  elaaticity  in  wires  while  they 
are  transmitting  the  electric  current,  which  is  independent  of 
the  heating  effect  of  the  current. 

M.  Dufour  Jiaa  made  a  considerable  number  of  experi- 
menta  with  the  view  of  liscertaimng  if  any  permanent  change 
in  metals  is  effected  by  electriaation.  He  arrives  at  the 
rious  reault  that  in  a  copper  wire  through  which  a  feeble  vol- 
taic current  has  passed  for  several  days,  a  notable  diminution 
in  tenacity  takes  place  ;  while,  in  an  iron  wire,  the  tenacity 
18  increased ;  and  tiiat  these  effects  were  more  perceptible 
when  the  wirea  had  been  electriaed  for  a  long  time  (nineteen 
days)  than  for  a  short  time  (four  daya).  The  copper 
waa,  in  his  experiment,  not  perfectly  pure';  ao  that  the  e 
or  a  portion  of  it,  might  be  due  to  the  stale  of  aUoy :  is 
case  of  iron,  the  magnetic  character  of  the  meUU  would  prob^ 
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moiiify  tie  effects,  and  might  account  for  the  opposite 
character  of  the  results  with  these  two  metals. 

Matteucci  has  made  experiments  OS  the  conduction  of 
electricity  by  bismuth  in  direetiona  paraUel  or  transverse  lo 
the  planes  of  principal  cleavage,  and  be  finds  that  bismuth 
conducts  electricity  and  heat  better  in  the  direction  of  the 
cleavage  planes  than  in  that  transverse  to  them. 

Many  other  experiments  have  been  made  both  on  the  pro- 
duction of  thermo-electric  currents  by  two  portions  of  the 
same  crystalline  metal,  but  with  the  planes  of  crystallization 
arranged  in  different  directions  relatively  to  each  other,  and 
also  on  the  difierences  in  conduction  of  heat  and  electricity 
according  to  the  direction  in  which  they  are  transmitted  with 
reference  to  the  planes  of  crystallization. 

It  is  found,  moreover,  that  the  slightest  difference  in  ho- 
mogeneity in  the  same  metal  enables  it  when  heat«d  to  pro- 
duce a  thermo-electric  current,  and  that  metals  in  a  state  of 
fusion,  in  which  state  they  may  be  presumed  to  be  homoge- 
neous throughout,  give  no  thermo-electric  current :  thus,  hot 
in  contact  with  cold  mercury  baa  been  shown  by  Matteucci 
to  give  no  thermo-electric  current,  and  the  same  is  the  ease 
with  portions  of  Dised  bismuth  unequally  heated. 

The  fact  that  the  molecular  structure  or  arrangement  of  a 
body  influences — indeed  I  may  aay  determines — its  conduct- 
ing power,  Eb  by  no  means  explained  by  the  theory  of  a  fluid ; 
but  if  electricity  be  only  a  transm-ission  of  force  or  motion, 
the  influence  of  the  molecular  state  is  just  what  would  bo 
expected.  Carbon,  in  a  transparent  crystalline  state,  as  dia- 
mond, is  as  perfect  a  non-conductor  as  we  know ;  while  in  an 
opaque  amorphous  state,  as  graphite  or  charcoal,  it  is  one  of 
the  best  conductors  :  thus,  in  the  one  state,  it  transmits  light 
and  stops  electricity,  in  the  other  it  transmits  electricity  and 
Blops  light. 

It  is  a  circumstance  worthy  of  remark,  that  the  arrange- 
meiit  of  molecules,  which  renders  a  solid  body  cdpable  of 


Hoodie 


OOBEELATIOH   OF  PHTSICiX   FORCES. 

FanBmitting  light,  is  most  unfavourable  to  its  transmiBsioa  oi 
electricity,  tranaparent  aolids  being  very  impeTfect  conductora 
of  electricity ;  so  all  gases  readily  trauanut  light,  but  are 
amongst  the  worst  conductors  of  electricity,  if,  indeed,  prop- 
jarlj  speaking,  they  can  be  said  to  conduct  at  all. 
■  The  conduction  of  electricity  by  different  classes  of  bodies 
Das  been  generally  regarded  as  a  question  of  degree :  thus 
metals  were  viewed  as  perfect  ponduetors,  charcoal  less  so, 
water  and  other  liquids  as  imperfect  conductors,  &c.  But, 
in  fact,  tliough  between  one  metal  and  another  the  mode  of 
transmission  may  be  the  same  and  the  difference  one  of  de- 
gree, a  different  molecular  effect  obtains,  when  we  contrast 
metals  with  electrolytic  liquids  and  these  with  gases. 

Attenuated  gases  may  be,  in  one  sense,  regarded  as  non- 
conductors, in  another,  as  conductors ;  thus  if  gold-leaves  be 
made  to  diverge,  by  electrical  repulsion,  in  air  at  ordinary 
pressure,  they  in  a  short  time  collapse  ;  while  in  highly-rare- 
fled  air,  or  what  ia  commonly  termed  a  vacuum,  they  remain 
divergent  for  days  ;  and  yet  electricity  of  a  certain  degree  of 
tension  passes  readily  across  attenuated  air,  and  with  diffi- 
culty  across  air  of  ordinary  density. 

Again,  where  the  electrical  terminals  are  brought  to  a 
state  of  visible  ignition,  there  are  symptoms  of  the  transmis- 
aion  of  electricity  of  low  tension  across  gases ;  bnt  no  such 
effects  have  been  detected  at  lower  temperature^.  All  this 
presents  a  strong  argument  in  favonr  of  the  transmission  of 
electricity  across  gaees  being  effected  by  the  disruptive  dis- 
charge, and  not  by  a  conduction  similar  to  that  which  takes 
place  with  metals  or  with  electrolytes. 

The  ordinary  attractions  and  ropulsions  of  electrified 
present  no  more  difficulty  when  regarded  as  being  pK^ 
iced  by  a  change  in  the  state  or  relations  of  the  matter  af- 
fected, tlian  do  the  Httractions  of  Ihc  enrlh  by  the  sun,  or  of 
a  leaden  ball  by  the  earth  ;  the  hypothesis  of  a  fluid  is  not 
considere'd  necessary  ibr  the  latt«r,  and  need  not  be  so  for  tlka 
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tner  class  of  phenomena.  How  tlie  pIieDomcaa  are  pro- 
duced to  which  the  term  attraction  is  applied  is  still  a  mys- 
tery. Newton,  speaking  of  it,  sajs,  'What  I  call  attraction 
may  be  performed  by  impnlae,  or  by  some  other  means  tin 
known  to  me.  I  use  that  word  here  to  aignily  only  in  gen 
eral  any  force  by  whiph  bodies  tend  towards  one  another, 
whatsoever  be  the  canac.'  If  we  suppose  a  fliud  to  act  in  at- 
tractions and  repnJsicins,  the  imponderable  fluid  must  drag  or 
push  the  matter  with  it :  thus  when  we  feel  a  stream  of 
air  rushing  from  an  electriiied  metaUic  point,  each  m«decale 
of  air  contiguous  to  the  poiut  being  repelled,  another  takes 
its  place,  whifli  is  in  ite  turn  repelled : — how  does  a  hypo- 
thetic fluid  assist  us  here?  If  we  say  the  electrical  fluid  re- 
pels itself,  or  the  same  electricity  repels  itaclf,  we  must  go 
farther  and  assert,  that  it  not  only  repels  itself,  but  either 
communicates  its  repulsive  force  to  the  particles  of  tlie  air,  or 
carries  with  it  the  particle  of  air  in  its  passage.  Is  it  not 
more  easy  to  assume  that  the  particle  of  air  is  in  such  a  state 
that  the  ordinary  forces  which  keep  it  in  equilibrium  are  dis- 
turbed by  the  electrical  force,  or  ibrce  in  a  definite  direction 
communicated  to  it,  and  that  thug  each  particle  in  turn  re- 
cedes from  the  point?  As  this  latter  force  is  increased,  not 
only  does  the  particle  of  air  which  was  contiguous  to  the  me- 
tallic point  recede,  but  the  cohesion  of  the  extreme  particles 
of  metal  may  be  overcome  to  auch  au  extent  that  these  are 
detached,  and  the  brush  or  spark  may  consist  wholly  or  in 
part  of  minute  particles  of  the  metal  itself  thrown  ofl".  Of 
this  there  is  some  evidence,  though  the  point  can  hardly  be 
considered  as  proved.  A  similar  effect  imdoubtedly  lakes 
place  with  voltaic  electricity,  acting  upon  a  terminal  ini- 
mersed  in  a  liquid  ;  thus  if  metallic  terminals  of  a  powerful 
voltaic  battery  be  immersed  in  water,  metal,  or  the  oxide  of 
metal,  is  forcibly  detached,  producing  great  heat  at  the  point 
of  disruption. 

If  we  apply  ourselves  to  the  effect  of  electricity  in  Iha 
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animal  economy,  we  fiod  that  the  first  rationale  given  t 
convulsive  efiect  produced  hj  tranamissioD  tlirongli  the  liring 
or  recently  killed  animal  was,  that  electrici^  itself,  something 
snbstantive,  passed  rapidly  through  the  body,  and  gave  rise 
to  the  contractions ;  step  by  step  we  are  now  arriving  at  the 
conviction  that  consecutive  particles  of  the  nerves  and  mus- 
cles are  affected.     Thus  the  contractions  which  the  prepared 
leg  of  a  frog  nndergoes  at  the  moment  it  is  submitted  to  a 
voltaic  current,  cease  after  a  time  if  the  current  be  contin- 
tied,  and  are  renewed  on  breaking  the  circuit,  i.  e,  at  the  nu*- 
ment  when  the  current  ceases  to  traverse  it.     The  excitabil- 
ity of  a  nerve,  moreover,  or  its  power  of  producing  muscular 
contraction,  is  weakened  or  destroyed  by  the  transmission  of 
I  electricity  in  one  direction,  while  the  escitabillty  is  increased 
I  by  the  transmission  of  electricity  in  the  opposite  direction; 
1  showing  tiat  the  fibre  or  matter  itself  of  the  nerve  is  changed 
by  electrisation,  and  changed  in  a  manner  bearing  a  direct 
1  relation  to  the  other  effects  produced  by  electricity. 

Portions  of  muscle  and  of  nerve  present  different  electri- 
cal slates  with  reference  to  other  portions  of  the  same  muscle 
e ;  thus  the  external  part  of  a  muscle  bears  the  same 
1  to  the  interaal  part  aa  platinum  does  to  zinc  in  the 
voltaic  battery ;  and  delicate  galvanoscopes  wiU  show  electri- 
cal effects  when  interposed  iu  a  conducting  circuit  coimectjng 
the  surface  of  a  nerve  with  its  interior  portions.  Matteucci 
has  proved  that  a  species  of  voltaic  pile  may  be  formed  by  a 
series  of  slices  of  muscle,  so  arranged  that  the  external  part 
of  one  slice  may  touch  the  internal  part  of  the  next,  and 
so  on. 

Lastly,  the  magnetic  effects  produced  by  electricity  also 
,   show  a  change  in  the  molecular  state  of  the  magnetic  sub- 
[  stance  affected  ;  as  we  shall  see  when  the  subject  of  magnet 
sm  is  discussed. 

I  have  taken  in  successiou  all  the  known  classes  of  defr 
Jrical  phenomena ;  and,  as  far  as  I  am  aware,  there  is  not  an 
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ictrical  effect,  where,  if  a  close  investigation  be  instituted, 
and  the  materials  chosoo  in  a  state  for  exhibiting  minute 
changes,  evidence  of  molecular  change  will  not  be  delected  ; 
Ihos,  escepting  those  cases  where  infinite simallj  small  quao- 
tities  of  matter  are  acted  on,  and  our  means  of  detection  fail, 
electrical  effects  are  known  to  us  oaly  sis  changes  of  ordinary 
matter.  It  seems  to  me  as  cosy  to  imagine  these  changes  to 
be  effected  by  a  force  acting  in  definite  directions,  as  by  a 
fluid  which  has  no  independent  or  sensible  existence,  and 
which,  it  must  be  assumed,  ia  associated  with,  or  exerts  a 
force  acting  upon  ordinary  matter,  or  matter  of  a  different 
order  from  the  supposed  fluid.  As  the  idea  of  the  hypothetic 
fluid  is  pursued,  it  gradually  vanishes,  and  resolves  itself  into 
""     Idea  of  force.     The  hypothesis  of  matter  without  weight 

lents  in  itself,  as  I  believe,  fatal  objections  to  the  theories 

electrical  fluids,  which  are  entirely  removed  by  viewing 
electricity  as  force,  and  not  as  matter. 

If  it  be  said  that  the  effects  wc  have  been  considering 
may  still  be  produced  by  a  fluid,  and  that  this  fluid  acts  nprni 
ordinary  matter  in  certain  cases,  polariaing  the  matter  af' 
fectod  or  arranging  its  particles  in  a  definite  direction,  whilst 
in  others,  by  its  attractive  or  repulsive  force,  it  carries  with 
it  portions  of  matter ;  yet,  if  the  fiuid  in  itself  be  incapable 
of  recognition  by  any  test,  if  it  be  only  evidenced  by  the 
changes  which  it  operates  in  ponderable  matter,  the  words 
fluid  and  force  become  identical  in  meaning ;  we  may  aa  well 
say  that  the  attraction  of  gravitation  or  weight  is  occasioned 
by  a  fluid,  as  that  electrical  changes  are  so. 

When,  aa  is  constantly  done  in  common  parlance,  a  hottse 
ia  said  to  be  atmiik,  windows  broken,  metals  /used  or  dissipa- 
ted by  the  electrical  ^uif/,  are  not  the  expressions  used  such 
as,  if  not  sanctioned  by  habit,  would  seem  absurd?  In  all 
the  cases  of  injury  done  by  lightning  there  is  no  fluid  pe^ 
ceplible ;  the  so-called  sniphnrous  odour  is  either  ozone  de» 
veloped  by  the  action  of  electricity  on,  atmospheric  air,  or  tlio 
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vapour  of  some  auhslance  dissipated  by  the  discliarge  ;  on  tlia 
other  hand,  it  sQems  more  coosoDant  with  experience  t 
gard  these  eSects  aa  prodacod  bj  force,  as  we  have  analogoiia 
effects  produced  by  admitted  forces,  in  cases  where  no  oq« 
would  invoke  the  aid  of  a  hypothetic  fluid  for  explanation. 
For  instance,  glosses  may  ho  broken  by  electrical  discharges  ; 
BO  may  they  by  sonorous  vibrations.  Metals  electrified  or 
mfl^BtiBed  will  emit  a  sound ;  so  they  will  if  struck,  o 
mnaical  note  with  which  they  can  vibrate  in  unison  be  sounded 
near  to  them. 

Even  chemical  decomposition,  in  cases  of  feeble  affinity^ 
may  be  produced  by  purely  mechanical  effacts.  A  number  o£ 
instances  of  this  Lave  been  collected  by  M.  Becquerel ;  ano^ 
substances  whose  constituents  are  held  together  by  feeble  afc 
finitios,  such  as  iodide  of  nitrogen  and  similar  compounds,  aro 
decomposed  by  the  vibration  occasioned  by  sound. 

If,  instead  of  being  regarded  as  a  fluid  or  imponderabls 
matter  sui  generic,  electricity  bo  regarded  as  the  motion  of  aj 
ether,  equal  difiiculties  are  encountered.  Assuming  other  to 
pervade  the  pores  of  all  bodies,  is  the  ether  a  conductor  oq 
non-conductor?  If  the  latter — that  is,  if  the  ether  be  incapai 
ble  of  transmitting  the  electrical  wave — the  ethereal  hypothec 
ais  of  electricity  necessarily  falls ;  but  if  the  motion  of 
ethijr  constitute  what  we  call  conduction  of  electricity,  I 
the  more  porous  bodies,  or  those  most  permeable  by  t 
ether,  should  be  the  beet  conductors.  But,  this  is  not  the  cat 
IE,  again,  the  metal  and  the  air  surrounding  It  are  bolli  pi 
vaded  by  ether,  why  should  the  electrical  wave  affect  thS' 
ether  in  the  metal,  and  not  stir  that  in  the  gas?  To  supporti 
an  ethereal  hypothesis  of  electricity,  many  additional  c 
L  hflrdly  reconcilable  hypotheses  must  be  imported. 

The  fracture  and  comminution  of  a  non-conducting  bo^f, 

'   (he  fusion  or  dispersion  of  a  metallic  wire  by  the  elecorical; 

ge,  are  efiacts  equally  diflicult  to  conceive  upon  1 

hypothesis  of  an  ethereal  vibration,  as  upon  that  of  a  fluidi 
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t  Deceasoiy  results  of  the  swlilen  euliverBi'i>u  uf  mule* 
eular  poluriaation,  or  of  a  aadden  or  iiregulaj  librulory  nio\-»- 
ment  of  Ilic  matter  itself.  We  see  similar  effects  prucluccd 
b^  sonorous  yibrations,  wliich  might  be  culled  couituclioD 
and  non-coudaclion  of  sound.  One  bod/  tnuismite  eouiid  vn- 
liLy,  anotbcr  slops  or  deadens  it,  as  it  is  termed — i.  c.  dis- 
perses the  vibrations,  instead  of  continuing  ihcm  in  the  suniit 
£reclion  as  the  primary  impulse.;  and  solid  bodies  may,  ae 
has  been  above  observi^l,  be  shivered  by  sudden  impub^iiB  of 
maai  in  those  cases  where  all  tlie  partd  ^  the  hoAy  cannot 
nniformlj  carry  on  the  undulatory  motion. 

The  progressive  stages  in  the  History  of  Physical  PltQust^ 
l/ay  will  account  in  a  great  measure  for  the  adoption  by  the 
,  csrly  electriciims  of  thu  theories  of  fluids. 

The  ancients,  when  they  witnessed  a  natural  phenomenun, 
lemored  from  ordinary  analogies,  and  nnesplained  by  any 
DKchsiucal  action  known  to  them,  referred  it  to  a  soul,  a 
sfuitual  or  preternatural  power ;  thus  amber  aad  the  magnet 
Were  Bupposed  by  Tbales  to  have  a  soul ;  the  functions  of 
^EWJon,  asaunilation,  &c.,  were  supposed  hy  Paracelsus  to 
^  effected  by  a  spirit  (the  Archjeus).  Air  and  gases  were 
*ho  at  first  deemed  gpiritual,  hut  subsequently  became  invest- 
ed with  a  more  material  character ;  and  the  word  gas,  from 
f  w,  a  ghost  or  spirit,  aUbrds  us  an  instance  of  Uie  gradual 
''MBmigSlon  of  a  spu'itnal  into  a  physical  conception. 

1'lie  establishment  hy  Torricelli  of  the  ponderable  charao 
'*''  of  air  and  gas,  showed  that  substances  which  had  been 
denied  spiritual  and  essentially  different  from  ponderable 
"isiter  were  possessed  of  Jta  attributes.  A  less  superstitious 
"^"ie  of  reasoning  ensued,  and  now  aeriform  fluids  were 
•"OWn  to  be  analogous  in  many  of  their  actions  to  liquids  or 
"•"Wn  fluids.  A  belief  in  the  existence  of  other  fluids,  difler- 
""?  from  air  as  this  diflered  fixim  water,  grew  up,  and  when 
*  "™  phenomenon  presented  itself,  recourse  was  had  to  a 
'fpQthetic  fluid  for  explaining  the  phenomenon  and  comiect> 
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ing  it  with  others  ;  tho  mind  ottce  poaBesaed  of  tho  idea  of  a 
fluid,  soon  invested  it  with  the  iiecesaary  powers  and  pi-opeP-  1 
ties,  and  grafted  upon  it  a  Inxurioua  vegetation  of  iniaginai'y  I 
ofishoota. 

In  what  I  am  here  tlirowing  out,  I  wish  to  guard  myself  1 
from  heing  supposed  to  state  that  the  theoiy,  historically  I 
viffwed,  followed  exactly  tlie  dates  of  the  discoveries  which  I 
were  efiectnal  in  changing-  its  character ;  sometimes  a  dis-  I 
Govery  precedes,  at  oilier  times  it  succeeds  to  a  change  : 
general  conrae  of  thought ;  sometimes,  and  perhaps  moat  I 
frequently,  it  does  both — i.  e.  the  discovery  is  the  result  of  a  I 
tendency  of  the  ago  and  of  the  continually  improved  methods  I 
of  observation,  and  when  made,  it  strengthens  and  estends  tha  1 
views  which  have  led  to  it.  I  thiult  the  phases  of  thought  ! 
which  phyaical  philosophers  have  gone  thi'ough,  wiU  be  found  I 
generally  such  as  I  have  indicated,  and  that  the  gradual  ac-  I 
cumulation  of  discoTeries  which  has  taken  place  during  the  I 
more  recent  periods,  by  showing  what  effects  can  be  produced  1 
by  dynamical  causes  alone,  is  rapidly  tending  to  a  general  I 
dynamical  Iheory  into  which  that  of  the  imponderable  finida  f 
promiaea  ultimately  to  merge. 

Commencing  with  electricity  as.  an  initiating  force, 
get  wiatioii  directly  produced  by  it  in  various  forms  ;  for  in'l 
stifiice,  in  the  attraction  and  repulsion  of  bodies,  evidenced  byf 
mobile  electrometers,  such  as  that  of  Culhbertsou,  wheral 
large  masses  are  acted  on ;  the  rotation  of  the  fly-wheel^  1 
another  form  of  electrical  repulsion,  and  the  deflection  of  I 
the  galvanometer  needle,  are  also  modes  of  palpable,  viaiblftJ 
motion. 

It  would  follow,  from  the  reasoning  is  this  essay,  thall 
when  electricity  performs  any  mechanical  work  which  doesi 
not  retiu-n  to  the  machine,  electrical  power  is  lost.  It  would] 
be  unsuitable  to  the  scope  of  this  work  to  give  the  mathematt  ■ 
cal  labours  of  M.  Clausius  and  others  here  ;  but  the  fotlowfl 
ing  experiment,  which  I  devised  lor  making  the  resnlt  evWa 
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an  audience  at  the  Royal  InEtitution,  will  form  a 
nsefti!  illustration : — A  Lcyden  jar,  of  one  square  foot  uoaled 
surface,  has  its  interior  connected  with  a  Cuthbertson'e  elec- 
trometer, between  which  and  the  outer  coating  of  the  jfti 
are  a  pnir  of  discharging  balls  fixed  at  a  certain  distance 
(about  half  an  inch  apart).  Between  the  Leyden  jar  and 
the  prime  conductor  is  inserted  a  small  unit  jar  of  nine  inches 
Burfflce,  the  knobs  of  which  are  0-2  inch  apart. 

The  balance  of  the  electrometer  is  now  fixed  by  a  8tiiF 
wire  iosarted  between  the  attracting  knobs,  and  the  Leyden 
jar  charged  by  discharges  from  the  unit  jar.  After  a  certain 
number  of  these,  say  twenty,  the  discharge  of  the  large  jar 
takes  place  across  the  half-inch  interval.  This  may  be 
viewed  as  the  expression  of  electrical  power  received  from 
the  unit  jar.  The  experiment  is  now  repealed,  the  wire 
between  the  balls  having  been  removed,  and  therefore  the 
'  tip,'  or  the  raising  of  the  weight,  is  performed  by  the  electri- 
cal repulsion  and  attraction  of  the  two  pairs  of  balls.  At 
twenty  discharges  of  the  unit  jar  the  balance  is  subverted, 
and  one  attracting  knob  drops  upon  the  other*;  but  no  diV 
cftafje  takes  place,  showing  that  some  electricity  has  been  lost 
or  converted  into  the  mechanical  power  which  raised  the 
balance. 

By  another  mode  of  expression,  the  electricity  may  be 
supposed  to  be  masked  or  analogous  to  latent  heat,  and  it 
would  be  restored  if  the  ball  were  brought  back  without  dis- 
charge by  extraneous  force.  If  the  discharge  or  other  elec- 
trical effects  were  the  same  in  both  cases,  then,  since  tlw 
raising  of  the  ball  or  weight  is  an  extra  mechanical  effort, 
and  since  the  weight  is  capable  by  its  fall  of  producing  eico 
tricity,  heat,  or  other  force,  it  would  seem  that  force  could  be 
got  out  of  nothing,  or  perpetual  motion  obtained. 

The  above  experinient  is  suggestive  of  others  of  a  similar 
character,  which  may  be  indefinitely  varied.  Thus  I  have 
'imiDd  that  two  balls  made  to  diverge  by  electricity  do  not 
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give  to  an  electrometer  the  same  amount  of  electricity  as  they 
do  if,  whilst  similarly  electrified,  thej  are  kept  forcibly  to- 
gether. This  experiment  is  the  couyerse  of  the  former  o: 
There  is  an  advantage  in  electrical  esperiments  of  this  clasa 
as  compared  with  those  on  heat,  viz.  that  though  there  is  n 
perfect  insulation  for  electricity,  yet  our  means  of  inaul»' 
tion  aro  immeasurably  superior  to  any  attainable  for  heat. 

Electricity  directly  produces  heat,  as  shown  in  the  ignited 
wire,  the  electric  spafk,  and  the  voltaic  arc :  iu  the  latter 
the  moBt  intense  heat  with  which  we  are  acqumnt«d — so  ia.- 
t«nae,  indeed,  that  it  cannot  be  measured,  aa  every  sort  of 
matter  is  dissipated  by  it. 

In  the  phenomenon  of  electrical  ignition,  aa  shown  by  a 
heated  conjunctive  wire,  the  relation  of  force  and  realetance, 
and  the  correlative  character  of  the'two  forces,  electricity  and 
heat,  are  stril^isgly  demonstrated.  Let  a  thin  wire  of  plati- 
num join  the  terminals  of  a  voltaic  battery  of  suitable  power, 
the  wire  will  be  ignited,  and  a  certain  amount  of  chemical 
action  will  take  place  in  the  cells  of  the  battery — a  definite 
quantity  of  Sine  being  dissolved  and  of  hydrogen  eliminal 
in  a  g^ven  time.  If  now  the  platinum  wire  be  immersed  in 
water,  the  heat  will,  &om  the  circulating  currents  of  the 
liquid,  be  more  rapidly  dissipated,  and  we  shall  instantly  find 
that  the  chemical  action  in  the  battery  will  be  increased,  more 
zinc  will  be  dissolved,  and  more  hydrogen  eliminated  for  the 
same  time ;  the  heat  being  conveyed  away  by  the  wat 
more  chemical  action  ia  required  to  generate  it,  just  as  nw 
fiiel  is  required  in  proportion  as  evaporation  is  nu 
rapid. 

Reverse  the  experiment,  and  instead  of  placing  the  wire 
ia  water,  place  it  in  the  flame  of  a  spirit  lamp,  so  that  the 
force  of  heat  meets  with  greater  resistance  to  its  dissipation. 
We  now  find  that  the  chemical  action  is  lees  than  in  the  first 
or  normal  experiment.  If  the  wire  be  placed  in  other  differ* 
ent  gaseous  or  liquid  media,  we  shall  find  that  the  chemical 


ELECTKicnr.  107 

)f  the  battery  ■will  be  proportioned  to  the  facility  with 
which  the  heat  is  circulated  or  radiated  by  these  media,  and 
we  thuB  establish  an  alternating  reciprocity  of  action  between 
these  two  forces :  a  similar  reciprocity  may  be  established 
between  electricity  and  motion,  magnetism  and  motion,  and 
so  of  other  forces.  If  it  cannot  be  realised  with  all,  it  is 
probably  because  we  have  not  yet  eliminated  interfering  ac- 
tions. If  we  carefully  thmk  over  the  matter,  ive  shall,  nnlesa 
I  am  much  mistaken,  arrive  at  the  conclusion  that  it  caniiot 
be  otherwise,  unless  it  be  supposed  that  a  tbrce  cart  arise  &oin 
nothing — can  exist  without  antecedent  force. 

In  the  phenomenon  of  tlie  voltaic  arc,  the  electric  spark, 
&c.,  to  which  I  have  alreajly  adverted,  electricity  directly 
produces  Kghl  of  the  greatest  known  intensity.  It  directly 
produces  magnetism,  as  shown  by  Oeraled,  who  first  distinctly 
proved  the  connection  between  electricity  and  magnetism. 
These  two  forces  act  upop  each  olber,  not  in  straight  lines, 
as  all  other  known  fortes  do,  but  in  a  rectangular  direction ; 
that  is,  bodies  affected  by  dynamic  electricity,  or  the  conduits 
of  an  electric  current,  tend  to  place  magneta  at  right  angles  ^ 
to  them ;  and,  conversely,  magneta  tend  to  place  bodies  con- 
ducting electricity  at  right  angles  to  them.  Thus  an  electric 
current  appears  to  have  a  magnetic  action,  in  a  direction 
cutting  its  own  at  right  angles ;  or,  supposing  its  section  to 
be  a  circle,  tangential  to  it:  if,  then,  we  reverse  the  position, 
.  and  make  the  electric  current  form  a  series  of  tangents  to  an 
imaginary  cylinder,  this  cylinder  should  be  a  magnet.  This 
is  effected  In  practice  by  coiling  o  wire  as  a  helix  or  spiral, 
and  this,  when  conducting  an  electrical  current,  is  to  all  in- 
tents and  purposes  a  magnet.  A  soft  iron  core  placed  within 
Buc]i  a  helix  has  the  property  of  concentrating  its  power,  and 
then  we  can,  by  connection  or  disconnection  with  the  source 
of  electricity,  instantly  make  or  unmake  a  moat  powerful 

We  may  figure  to  iLo  mind  electrified  and  magnetised 
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matter,  as  lines  of  which  the  oxtremitieB  repol  each  other  in 
e,  definite  direction ;  thus,  if  a  lina  a  b  represent  a.  wire 
affected  b^  electricity,  and  superposed  on  c  d  a  wire  aSected 
l>y  magnetism,  the  extreme  points  a  and  b  will  be  repelled  to 
the  farthest  diatancea  from  the  points  c  and  D,  and  the  line  A 
B  be  at  right  angles  to  the  line  c  D  ;  and  so,  if  the  lines  be 
eubdivided  to  any  extent,  each  will  have  two  extremities  or 
polea  repulsive  of  those  of  the  other.  If  the  line  of  matter 
affected  by  electricity  bo  a  liquid,  and  conaeqaently  havs 
entire  mobility  of  particles,  a  continuous  movement  will  be 
produced  by  magnetism,  each  particle  successively  tending, 
as  it  were,  to  fly  off  at  a  tangent  from  the  magnet :  thus, 
place  a  flat  dish  coalaiuing  aci<lulated  water  on  the  poles  of  a 
powerful  magnet,  immerse  the  terminals  of  a  voltaic  battery 
in  the  liquid  ju^t  above  the  magnetic  poles,  so  that  the  liaoa 
of  electricity  and  of  magnetism  coincide  ;  the  water  will  now 
assume  a  movement  at  right  angles  to  this  line,  flowing  coin 
tinously,  as  if  blown  by  an  equatorial  wind,  which  may  bo 
made  east  or  west  with  reference  to  the  magnetic  poles  by 
altering  the  direction  of  the  electrical  current :  a  similar  effect 
may  be  produced  with  mercury.  Theae  cases  afford  an 
additional  argimient  to  those  prcvionsly  mentioned  of  the 
particles  of  matter  being  affected  by  the  forces  of  electricity 
and  magnetism  in  a' way  irreconcilable  with  tlie  fluid  ot 
ethereal  hypothesis. 

The  representatioa  of  transverse  direction  by  magnetism 
and  electricity  appears  to  hove  led  Coleridge  to  parallel  it  by 
the  transverse  expansion  of  matter,  or  length  and  breadth, 
though  he  injured  the  parallel  by  adding  galvanism  as  depth : 
whether  a  third  force  exists  which  may  bear  this  relation  to 
electricity  and  magnetiam  is  a  question  upon  which  we  hava 
no  evidence. 

TRe  ratio  which  the  attractive  magnetic  force  produced 
bears  to  the  electric  current  producing  it  has  been  investigat- 
ed by  many  oxporimentaliets  and  mathematiuane.     The  data 
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are  so  nnmerons  and  so  yariable,  that  it  is  difficult  to  arrive 
at  definite  results.  Thus  the  relative  size  of  the  coil  and  the 
iron,  the  temper  or  degree  of  hardness  of  the  latter,  its  shape, 
or  the  proportions  of  length  to  diameter,  the  number  of  coilF 
surrounding  it,  the  conducting  power  of  the  metal  of  which 
the  coils  are  formed,  the  size  of  the  keeper  or  iron  in  which 
magnetism  is  induced,  the  degree  of  constancy  of  the  bat- 
terj,  &c.,  complicate  the  experiments. 

The  most  trustworthy  general  relation  which  has  been  as- 
certained is,  that  the  magnetic  attraction  is  as  the  square  of 
the  electric  force ;  a  result  due  to  the  researches  of  Lenz  and 
'  Jacobi,  and  abo  of  Sir  W.  S.  Harris. 

Lastly,  electricity  produces  chemical  affinity ;  and  by  its 
agency  we  are  enabled  to  obtain  effects  of  analysis  or  synthe- 
sis  with  which  ordinary  chemistry  does  not  ftimish  us.  Of 
these  cffiscts  we  have  examples  in  the  brilliant  discoveries,  by 
Davy,  of  the  alkaline  metals,  and  in  the  peculiar  crystalline 
compounds  made  known  by  Crosse  and  BecquereL 


v.— LIGHT. 

IV  «aietm^  oa  the  subject  of  Light,  it  wiD  be  wdk  fi> 
icribe  briefl  J,  and  in  a  maimer  a«  fiu-  as  mar  be  inde- 
peoiksai  <jf  theory,  the  effects  to  which  the  term  polarisation 
hM»  been  applied. 

When  li^it  j»  reflected  from  the  sorface  of  water,  ^affs, 
or  many  otlier  media,  it  undergoes  a  change  which  disables  it 
from  l>eiug  again  similarly  reflected  in  a  direction  at  li^t 
angles  to  that  at  which  it  has  been  originaDf  reflected. 
Light  so  affected  is  said  to  be  polarised ;  it  will  always  be 
capable  of  being  reflected  in  planes  parallel  to  the  plane  in 
which  it  has  l>een  flrst  reflected,  but  incapable  of  being  re- 
flecte<l  in  planes  at  right  angles  to  that  plane.  At  planes 
having  a  direction  intermediate  between  the  original  plane  of 
reflc^.'tion,  and  a  plane  at  right  angles  to  it,  the  light  will  be 
capable  of  being  partially  reflected,  and  more  or  less  so  ae- 
c^;rding  as  the  direction  of  the  second  plane  of  'reflection  is 
more  or  less  coincident  with  the  original  plane.  Light,  again, 
when  passed  through  a  crystal  of  Iceland  spar,  i^  what  is 
termed  doubly  refracted,  i.  e.  split  into  two  divisions  or  beams, 
cmfh  having  half  the  luminosity  of  the  original  incident  light ; 
each  of  these  beams  is  polarised  in  planes  at  right  angles  to 
each  other ;  and  if  they  be  intercepted  by  the  mineral  tour- 
n\alino,  one  of  them  is  absorbed,  so  that  only  one  polarised 
beam  emerges.     Similar  effects  may  be  produced  by  certain 
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r  refieciions  qt  nfnriioai,  A.  isf  of  ^^  oacc  pdvM 
D  a  oertam  pUae  contJaut*  ao  ■fccted  ifattwghn^  km 
iliole  sabseqnent  concn;  and  at  bdj  MdeliBite  Ataace  frooi 
e  point  where  it  ofipaatiy  aaderwcBt  tibe  dangc,  Ae  £- 
f  ihe  plane  wiO  be  tke  aane,  pnmdad  tlie  media 
b  which  it  is  traagmiHed  be  air,  water,  or  ootaio  other 
t  snbsUnces  which  need  aot  be  enmneraled.  If, 
however,  the  polarised  car,  inMead  of  paanng  (hnn^  water,  i 
he  made  to  pass  throng  o3  of  hifpentine,  the  definite  £no- 1 
tioQ  in  which  it  is  polarued  wiQ  be  fband  lobedwngBd ;  and 
the  chaBge  of  direction  will  be  greater  according  to  the 
length  of  the  colnnm  of  inlerpo^d  hqnid.  Instead  of  being 
an  uniform  plane,  it  will  have  a  curvilinear  direction, 
eimilar  to  that  which  a  strip  of  card  would  have  if  forced 
along  two  opposite  grooves  of  a  rifie-barreL  This  curious 
effect  is  produced  in  diSerenI  degrees  by  different  media. 
The  direction  also  varies  ;  the  rotation,  as  it  is  termed,  being 
gometimes  to  the  right  hand  and  sometimes  to  the  left,  accord- 
ing to  the  peculiar  molecular  character  of  the  medium  through 
which  the  polarised  ray  ie  transmitted. 

Light  is,  perhaps,  that  mode  of  foroe  the  reciprocal  rela- 
tions of  which  with  the  others  have  been  the  least  traced 
out.  Until  the  discoveries  of  Niepce,  Daguerre,  and  Talbot, 
very  little  could  be  deSaitely  predicated  of  the  action  of  light 
iu  producing  other  modes  of  force.  Certain  chemical  com- 
pounds, among  whith  stand  pre-eminent  the  salts  of  silver, 
have  the  property  of  suffering  decomposition  when  exposed 
to  light.  If,  for  instance,  recently  formed  chloride  of  silver 
be  submitted  to  luminous  rays,  a  partial  decomposition  en- 
Buee  ;  the  chlorine  is  separated  and  expelled  by  the  action  of 
light,  and  the  silver  is  precipitated.  By  this  decomposition 
the  colour  of  the  substance  changes  from  white  to  blue.  If 
now,  paper  be  impregnated  with  chloride  of  silver,  which  can 
be  done  by  a  simple  chemical  process,  then  partiuUy  covered 
with  an  opaque  substance,  a  leaf  f()r  example,  and  exposed  to 
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a  strong  light,  the  ctdoride  will  be  decomposed  in  bU  those 
parts  of  the  pnpor  where  the  light  is  not  intercepted,  and  we 
shall  have,  hy  the  action  of  light,  a  white  imago  of  the  leaf 
on  a  pnrplo  ground.  If  similar  paper  be  placed  in  the  focna 
of  a  lena  in  a  camera-ohacura,  the  objects  (here  depicted  will 
decompose  the  chloride,  just  in  the  proportion  in  which  they 
are  luminous  ;  and  thus,  as  the  most  luminous  parts  of  the  im- 
age will  most  darken  the  chloride,  we  shall  have  a  picture  of 
the  objects  with  reversed  lights  and  shadows.  The  picture 
thus  produced  would  not  he  permanent,  as  subsequent  expos- 
ure would  darken  the  light  portion  of  the  picture  :  to  fix  it, 
the  paper  must  he  immersed  in  a  solution  which  has  tlie  pro- 
perty of  dissolving  chloride  of  silver,  but  not  metallic  silver. 
Iodide  of  potassium  will  efibct  this ;  and  the  paper  being 
washed  and  dried  will  then  preserve  a  permanent  image  of 
the  depicted  objects.  This  was  the  first  and  simple  process 
of  Mr.  Talbot ;  but  it  is  defective  as  to  the  purposes  aimed 
at,  in  many  poinla.  First,  it  is  not  sufficiently  sensitive,  re- 
quiring a  strong  light  and  a  long  time  to  produce  an  image  ; 
secondly,  the  lights  and  shadows  are  reversed ;  and  thirdly, 
the  coarse  structure  of  the  linest  paper  does  not  admit  of  the 
delicate  traces  of  objects  being  distinctly  impressed.  These 
defects  have  been  to  a  great  extent  remedied  by  a  prooesB 
subsequently  discovered  by  Mr.  Talbot,  and  which  bears  hia 
name,  and  which  has  led  to  the  collodion  process,  and  others 
unnecessary  to  be  detailed  here. 

The  photographs  of  M.  Dagnerro,  with  which  all  are  now 
familiar,  are  produced  by  holding  a  plate  of  highly-polished 
stiver  over  iodine.  A  thin  film  of  iodide  of  silver  ia  Urns 
formed  on  the  surface  of  the  metal ;  and  when  these  iodized 
plates  are. exposed  in  the  camera,  a  chemical  alteration  takes 
place.  The  portions  of  the  plate  on  which  the  light  has  im- 
pinged part  with  some  of  tlie  iodine,  or  are  otherwise  changed 
— for  the  theory  is  somewhat  doubtful — aoaa  to  be  capable 
of  ready  amaljjamation.     When,  therefore, the  plate  is  placed 
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B  vapour  of  heated  mercnry,  the  mercury  attaches  il- 
o  tlie  portions  affected  by  light,  and  gives  them  a  while 

ted  ap]iearaace ;  the  intermediate  tintj  are  less  affected, 

.  those  parts  where  no  light  has  fallen,  by  rctaiulng 
their  original  polish,  appear  dark ;  the  iodide  of  silver  is 
then  waslied  off  by  hyposulphite  of  soda,  which  has  the 
property  of  disaolTing  it,  and  there  remaina  a  picture 
in  which  (lie  lights  and  shadows  are  as  in  nature,  and  the 
molecular  uniformity  of  tlie  metallic  surface  enables  the 
most  microscopic  details  to  be  depicted  with  perfect  a<r<'u- 
racy.  By  using  chloride  of  iodine,  or  bromide  of  iodiue, 
instead  of  iodine,  the  equilibrium  of  chemical  forces  is  run- 
dered  still  more  unstable,  so  that  images  may  bo  taken  in  aa 
indefinitely  short  period — a  period  practically  iuBtantaneous. 

It  would  be  foreign  to  the  object  of  this  essay  to  eul«r 
npoa  the  many  beautiful  details  into  which  the  scienca  of 
photography  has  branched  out,  and  the  many  valuable  disco V-  - 
eries  and  practical  applications  to  which  it  has  led.  The 
short  statement  I  have  given  above  is  perliaps  superfluous,  as, 
though  they  were  new  and  surprising  at  the  period  when  those 
Lectures  were  delivered,  photographic  processes  havo  now  be- 
come familiar,  not  only  to  the  cultivator  of  science,  but  to 
the  artist  and  amateur ;  the  important  point  for  consideration 
here  is  that  light  will  chemically  or  molecularly  aSect  mat- 
ter. Not  only  will  the  particulaj-  compounds  above  selected 
as  instances  be  changed  by  the  action  of  light ;  but  a  vast 
number  of  substances,  both  elera.eiitary  and  compound,  are 
notably  affected  by  this  agent,  even  those  apparently  the  most 
unalterable  in  character,  such  as  metals :  so  numerous,  in- 
deed, are  the  substances  affected,  that  it  has  beea  supposed, 
not  without  reason,  that  matter  of  every  description  is  altered 
by  exposure  to  light. 

The  permanent  impression  stamped  on  the  molecules  of 
matter  by  light  can  be  made  to  repeat  itself  by  the  sama 
agency,  but  always  with  decreasing  force.     Thus  a  plioi* 
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gnpk  placed  oppoate  ft  camera  coBtMnii^  ft  Musitire  plats 
win  be  reprodsmd,  bat  if  ibe  axe  of  the  image  be  equal  to 
tlw  pMare,  Ike  aecaiid  pictare  iriD  be  bioter  than  due  first, 
and  80  on.  Thus  agam,  a  pbob^rapli  taken  on  a  doD  day 
cannot,  hy  being  placed  in  br^fat  sunshine  be  made  lo  t«}>ti> 
dnce  a  second  phmagraph  of  ihe  Bame  sis«  and  more  distineU 
If  marked  than  itself;  I  at  lea^  have  never  enceeeded  in 
aadi  reprodttnion,  and  I  am  not  a'trare  that  others  have  :  tba 
image  loses  in  intensity'  as  light  kaelf  does  by  eaeh  tiansmift- 
sion.  The  enrface  of  the  metal  or  paper  may  give  a  brighter 
unage  &om  its  being  expoeed  to  a  more  intense  light,  but  the 
pbocographie  details  are  limited  to  the  intensty  of  tlie  first 
impression,  or  rather  to  something  short  of  this.  AqnestioD 
of  theoretical  interest  arises  from  the  consideration  of  these 
reprodaced  photographs.  We  knoir  that  the  luminosity  of 
the  image  at  ibe  focns  of  a  telescope  is  limited  by  the  area 
of  the  object-glass.  The  image  of  any  given  object  cannot 
be  intensified  by  throwing  npon  it  estraneons  light ;  it  is  in- 
deed diminished  in  intensity,  and  when  for  eertain  purposes 
astronomers  illuminate  the  fields  of  their  telescopes,  they  are 
obliged  to  be  contented  with  a  loss  of  intensi^  in  the  telescopic 

Now,  let  ns  suppose  that  the  mitintegt  detaila  in  the  image 
of  an  object  seen  in  a  given  telescope,  and  with  a  given  pow- 
er, are  noted  ;  that  then  a  photographic  plate  is  placed  in  the 
focus  of  the  same  telescope  so  as  to  obtain  a  permanent  im- 
pression of  the  image  which  has  been  viewed  by  the  eye-glass. 
Could  the  observer,  by  throwing  a  beam  of  condensed  light 
npon  the  photograph,  enable  himself  to  bring  out  fresh  details? 
or  in  other  words,  could  he  use  with  advantage  a  higher  pow- 
er applied  to  the  illnminatod  photograph  ? 

It  is,  perhaps,  hardly  safe  to  answer  aprioH  this  question ; 
but  the  experiment  of  reproducing  photographs  would  seem  to 
■liow  tlial  more  than  tlie  initial  light  cannot  bo  got,  and  that  vre 
cannot  expect  to  increase  telescopic  power  by  photography. 
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(iotigh  we  may  render  observations  more  convenient ;  may 
by  ilH  means  fii  images  seen  on  rare  and  favoarablo  occasions, 
and  may  preserve  permanent  and  infallible  records  of  the 
past  state  of  astronomical  objects. 

The  effect  of  light  on  chemical  componnds  afforfls  us  a 
Btriking'  instance  of  the  extent  to  ^lich  a  force,  ever  active, 
may  bo  ignored  through  snceessive  ages  of  philosophy.  If 
we  suppose  the  walls  of  a  large  room  covered  with  photo- 
graphic apparatus,  the  small  amount  of  light  reflected  from 
the  face  of  a  pei^on  situated  in  its  centre  would  simnlta^ 
neonsly  imprint  his  portrait  on  a  multitude  of  recipient  snr- 
faces.  Were  the  cameras  absent,  but  the  room  coated  with 
photographic  paper,  a  change  would  eqnaUy  take  place  in 
every  portion  of  it,  though  not  a  reproduction  of  form  and 
figure.  As  other  substances  not  commonly  called  photo- 
graphic are  known  to  be  affected  by  light,  the  list  of  which 
mi^t  be  indefinitely  extended,  it  becomes  a  curions  object  of 
contemplation  to  consider  how  far  light  is  daily  operating 
changes  in  ponderable  matter — how  far  a  force,  for  a  long 
time  recognised  only  in  its  visual  effects,  may  be  constantly 
producing  changes  in  the  earth  and  atmosphere,  in  addition 
lo  the  changes  it  produces  in  organised  structures  which  are 
now  beginning  to  be  extensively  studied.  Thus  eveiy  portion 
of  light  may  be  supposed  to  write  its  own  history  by  a  change 
more  or  less  permanent  in  ponderable  matter. 

The  late  Mr.  George  Stephenson  had  a  favourite  idea, 
which  would  now  be  recognised  as  more  philosophical  than  it 
was  in  hia  day,  viz,  that  the  light,  which  we  nightly  obtain  ^ 
from  coal  or  other  fuel,  was  a  reproduction  of  that  which  had  \ 
at  one  time  been  absorbed  by  vegetable  structures  from  the 
Bun.  The  conviction  that  the  transient  gleam  leaves  its  per- 
nianent  impress  on  the  world's  history,  also  leads  the  miad 
lo  ponder  over  the  many  possible  agencies  of  which  we  of  tha 
present  day  may  be  as  ignorant  as  the  ancienta  were  of  tlw 
chemical  action  of  light. 
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I  have  used  the  term  light,  and  affected  hy  light,  in  speak- 
ing of  photographic  effect*;  but,  though  the  phenontona  de- 
rived their  name  &om  light,  it  has  beea  doubted  hy  many 
competent  investigatora  whether  the  phenomena  of  photo- 
graphy are  not  mainly  dependent  apoa  a  separate  agent  ac- 
companying  light,  rather  than  upon  light  itself.  It  ia,  indeed, 
dilEeult  not  to  believe  that  a  picture,  taken  in  the  focns  of  a 
camera-ohecura,  and  which  represents  to  the  eye  all  the  gra- 
dationa  of  lifrht  and  shade  ahown  by  the  original  Imninotui 
image,  ia  not  an  effect  of  light ;  certain  it  is,  however,  that 
the  different  coloured  rays  exercise  different  actions  upon  t*- 
rious  chemical  compounils,  and  tliat  the  efiects  on  niany,  per- 
haps on  most  of  them,  are  not  proportionate  in  intensity  to 
the  effects  upon  the  visual  organs.  Those  effeclfi,  however, 
appear  to  be  m.ore  of  degree  than  of  specific  difference ;  and, 
without  pronouncing  myself  posilively  upon  the  question, 
hitherto  ao  little  examined,  I  think  it  will  be  safer  to  regard 
the  action  on  photographic  compounds  as  resulting  from  a 
fiiuetioa  of  light.  So  viewing  it,  we  get  light  as  an  initia- 
ling force,  capable  of  producing,  mediately  or  immediately, 
tlie  other  modes  of  force.  Thus,  it  immediately  produces 
chemical  action  ;  and  having  this,  we  at  once  acquire  a  means 
of  producing  the  others.  At  my  Lectures  in  1843, 1  showed 
an  experiment  by  which  the  production  of  all  the  other  modes 
or  force  by  light  is  exhibited  :  I  may  here  shortly  describe  it, 
A  prepared  daguerreotype  plate  is  enclosed  in  a  box  filled 
with  water,  having  a  glass  front  with  a  shutter  over  it.  Be- 
tween  this  glaas  and  the  plate  is  a  gridiron  of  silver  wire  ; 
the  plale  is  connected  with  one  extremity  of  a  galvanometer 
coil,  and  the  gridiron  of  wire  with  one  extremity  of  a  Bre- 
guet's  helix — an  elegant  instrument,  formed  by  a  coil  of  two 
metals,  the  unequal  expansion  of  which  inilieatcs  slight 
changes  in  temperature — the  other  estremilies  of  the  galva- 
nometer and  helix  are  connected  by  a  wire,  and  Ihc  needles 
brought  lo  zero.     As  soon  as  a  beam  of  either  daylight  in 
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t  o^Iiydrogen  light  U,  by  raising  the  shutler,  permitied  to 
impinge  npou  the  plate,  the  needles  are  deflected.  TUua, 
light  being  the  imtiating  force,  we  get  chemical  action  on  the 
plale,  electrieiii/  circulating  throagh  the  wires,  mag/ittitm  in 
the  coil,  heal  in  tlie  helix,  aiid  motion  in  the  needles. 

If  two  plates  of  platiDum  be  placed  in  acidulated  water, 
and  connected  with  a  delicate  galvanometer,  the  needle  of 
this  is  always  deflected,  a  result  due  to  films  of  gas  or  other 
matter  on  the  snrface  of  the  platinum,  which  no  cleaning  can 
remove.  If,  aAer  the  needle  has  returned  to  zero,  which  will 
not  be  the  case  for  gome  hours  or  even  days,  one  of  the  plat- 
inum surfaces  be  exposed  to  light,  a  fresh  deflection  of  the 
needle  takes  place,  due,  as  far  as  I  have  been  able  to  resolve 
it,  to  au  augmentation  of  the  chemical  action  which  had  occa- 
sioned the  original  deflection,  for  the  deviation  is  in  the  same 
direction.  If,  instead  of  white  light,  coloured  light  be  per- 
mitted lo  impinge  on  the  plate,  the  deviation  is  greater  with 
blue  thai  with  red  or  yellow  light,  showing,  in  addition  to 
other  tests,  that  the  efiect  ia  not  due  to  the  heat  of  the  sun's 
rays,  as  the  calorific  effects  of  light  are  greater  with  red  than 
with  blue  light,  while  the  chemical  effects  are  the  inverse. 

There  are  other  apparently  more  direct  agencies  of  lighi 
in  producing  electricity  and  miignetism,  such  as  tboae  ob- 
served by  Moriehini  and  others,  as  well  as  its  effects  upon 
ciystallization ;  but  tlieae  results  have  hitherto  been  of  so  in- 
definite a  character,  that  they  can  only  be  regarded  as  pre- 
senting fields  for  experiment,  and  not  as  proving  the  relations 
of  light  to  the  other  forces. 

Light  would  seem  directly  to  produce  heat  in  the  phenom- 
ena of  what  is  termed  absorption  of  light :  in  these  we  find 
(hat  heat  ia  developed  in  some  proportion  to  the  disappeai^ 
Bnce  of  light.  To  take  the  old  experiment  of  placing  a  ae- 
licB  of  different  coloured  pieces  of  cloth  upon  snow  exposed 
to  sunshine,  the  black  cloth  absorbing  the  most  light,  and  de- 
veloping the  most  heat,  sinks  more  deeply  in  the  snow  than 
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any  others ;  the  other  coloura  or  shades  of  colour  sink  the 
more  deeply  in  proporliOQ  as  they  alisorh  or  cause  to  disap- 
pear the  more  light,  until  we  come  to  the  wliito  cloth,  which 
remainB  upon  the  surface.  The  heating  powers  of  difi'erent 
colours  are,  however,  not  by  any  meane  in  exact  proportion 
to  the  intensity  of  their  light  as  affecting  the  visual  organs. 
Thus  red  lig;ht,  when  produced  by  refraction  from  a  prism  of 
glass,  produces  greater  heating  effect  than  yellow  light  in  the 
phenomena  of  ahsorption,  as  has  been  observed  by  Sir  W. 
Herschel.  The  red  rays  appear,  however,  to  produce  a  dy- 
namic effect  greater  than  any  of  the  others  ;  thus  they  peiie< 
trato  water  to  a  greater  depth  than  the  other  colours ;  bnt, 
according  to  Dr,  Seebeck,  we  get  a  further  anomaly,  viz. 
that  when  light  is  refracted  by  a  prism  of  water  the  yellow 
rays  produce  the  greater  heating  effect.  The  subject,  there- 
fore, requires  much  more  experiment  before  we  can  asoertain 
the  rationale  of  the  action  of  the  forces  of  light  and  heat  in 
this  class  of  phenomena. 

lo  a  former  edition  of  this  Essay,  I  suggested  the  follow- 
ing experiment  on  this  subject : — Let  a  beam  of  L'ght  bo 
passed  through  two  -plates  of  tourmaline,  or  similar  sub- 
Ifance,  and  the  temperature  of  the  second  plate,  or  tliat  on 
■which  the  light  last  impinges,  be  examined  by  a  delicate  ther- 
moecope,  lirat  when  it  is  in  a  position  to  tcausrait  the  polar- 
ised beam  coming  from  the  first  plate,  and  secondly  when  it 
has  been  turned  roimd  tlirough  an  arc  of  90  \  and  the  polar- 
ised beam  is  absorbed.  I  expected  that,  if  the  experiment 
were  carefully  performed,  the  temperature  of  the  second  plate 
would  be  more  raised  in  the  second  case  ihau  in  the  first,  and 
that  it  might  afford  interesting  results  when  tried  with  li^t 
of  different  colours.  I  met  with  difficulties  in  procuring  a 
suitable  apparatus,  and  was  endeavouring  to  overcome  thoia 
whea  I  found  that  Knoblauch  had,  to  some  extent,  realised 
this  result.  He  finds  that,  when  a  solar  beam,  polarised  in  a 
certain  plane,  is  transmitted,  perpeudicularly  to  the  axis  of  a 
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eryfilal  of  trown  quartz  or  tourm aline,  Ihe  heat  is  transmit- 
ted in  a.  smaller  proportion  than  when  the  beam  passes  along 
the'direction  of  the  axis  of  the  cryalal. 

It  ia  generally — as  far  aa  I  am  aware,  universally — froa 
that,  while  light  contitiues  as  light,  even  though  reflected  or 
transmitted  by  different  media,  little  or  no  heat  is  dovelopedi 
and,  aa  far  as  wo  can  judge,  it  would  appear  that,  if  b  m»- 
dinm  were  perfectly  transparent,  or  if  a  enrface  perfectly  ra- 
flected  light,  not  the  slightest  heating  effect  would  take  place ; 
but,  wherever  light  is  absorbed,  tlion  heat  takes  its  place,  af^ 
fording  ns  apparently  an  instanee  of  the  conTcrsion  of  light 
into  heat,  and  of  the  fact  that  the  force  of  Ught  is  not,  in  fact, 
absorbed  or  annihilated,  but  merely  chauged  in  character, 
becoming  in  this  instance  converted  into  heal  by  impinging 
on  solid  matter,  as  in  the  instance  mentioQcd  in  treating  of 
heat,  thia  for<»  was  shown  to  be  converted  into  light  by  im- 
[ringing  on  solid  matter.  Aa,  however,  I  have  before  ob- 
served, this  correlation  of  Ught  and  heat  is  not  so  distinct,  as 
with  the  other  afiectiona  of  matter.  One  experiment,  indeed, 
of  Melloni,  already  mentioned,  would  seem  to  show  that 
light  may  exist  in  a  condition  in  which  it  does  not  produce 
heat,  which  our  instruments  are  able  to  delect. ;  but  some 
doubt  has  recently  been  thrown  on  the  accuracy  of  this  ex^ 
periment ;  probably  the  substances  themselves  through  which 
the  light  is  transmitted  would  be  found  to  haVe  been  heated. 

The  recipient  body,  or  that  upon  which  light  iziipinges, 
seems  to  exercise  as  important  an  influence  on  ovr  percep- 
tions 'of  light  as  the  emittent  body,  or  that  from  wliich  the 
light  first  proceeds.  The  recent  experiments  o.  Sir  John 
Herschel  and  Mr.  Stokes  show  that  radiant  impnl«B,  which, 
falling  on  certain  bodies,  give  no  effect  of  light,  become  li^ 
minons  when  falling  on  other  bodies. 

Tima,  lot  ordinary  solar  Ught  be  refraclod  by  i  prism  (the 
best  material  for  which  is  qnartz),  and  the  spectn^m  received 
on  a  sheet  of  paper,  or  of  white  porcelain ;  looldo^  ja  Iha 
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,  the  eye  defecla  no  light  beyond  the  extreme  violet 
li',  therefore,  an  opaque  body  be  interposed  so  aa  juat 
F  the  whole  visible  spectrum,  the  paper  would  tba 
dark  or  invisible,  with  the  exception  of  some  slight  illumina- 
tion from  light  reflected  hy  the  air  and  surrounding  bodies. 
Substitute  for  that  portion  of  the  paper  which  wa§  beyond 
the  vieible  spectrum  a  piece  of  glass  tinged  by  the  oxide  of 
uranium,  and  the  glass  is  perfectly  visible  ;  bo  with  a  bottle 
of  sulphate  of  quinine,  or  of  the  juice  of  horse-chestnuta,  or 
even  paper  soaked  in  these  latter  solaliona.  Other  substances 
exhibit  this  eSect  in  different  degrees  ;  and  among  the  sub- 
stances which  have  hitherto  been  considered  perfectly  analo- 
gous as  to  their  appearance  when  illuuunat«d,  notable  differ- 
ences are  discovered.  Thus  it  appears  that  emanations 
which  give  no  impression  of  light  to  the  eye,  when  imping- 
ing on  certain  bodies,  become  luminous  when  impinging  on 
others.  We  might  imagine  a  room  so  constructed  that  such 
emanations  alone  are  permitted  to  enter  it,  which  would  be 
dark  or  Ught  according  to  tlie  substance  with  which  the  walls 
were  coated,  though  in  full  daylight  the  respective  coatings 
of  the  walls  would  appear  equally  while  ;  or,  without  alter- 
ing the  coating  of  the  walls,  the  room  exposed  to  one  class 
of  rays,  might  be  rendered  dark  by  windows  which  would  be 
transparent  to  another  class. 

If,  instead  of  .solar  light,  the  electrical  b'ght  be  employed 
for  similar  experiments,  an  equally  strifciug  effect  can  actuaUy 
be  produced.  A  design,  drawn  on  white  paper  with  a  solu- 
tion of  sulphate  of  quinine  and  tajlaric  acid,  ia  invisible  by 
ordinary  light,  but  appears  with  beautiful  distinctness  when 
iUimiinaled  by  the  eleelric  light.  Thus,  in  pronouncing  upon 
a  luminous  effect,  regard  muet  bo  had  to  the  recipient  ae  well 
as  to  the  emittent  body.  That  which  is,  or  becomes,  light 
when  it  falls  upon  one  body  ia  not  light  when  it  falls  upon 
another.  Probably  the  retiote  of  the  eyes  of  different  per- 
lons  differ  to  some  extent  in  a  similar  manner  ;  and  the  same 
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«abst«n«,  illuminated  by  the  same  Bpectriim,  may  present 
different  appearances  to  different  persona,  tha  specirmn  ap- 
pearing more  elongated  to  the  one  than,  to  the  otlier,  eo  iliat 
what  is  light  to  the  one  is  darkness  to  the  other.  A  depend- 
ence ou  the  recipient  body  may  also,  to  a  great  extent,  be 
predicated  of  heat.  Let  two  vessels  of  water,  tlie  contcuia 
cf  the  oae  clear  and  Iransparent,  of  tlie  other  tinged  bj  some 
colouring  matter,  be  suspended  in  a  summer's  sun ;  in  a  very 
short  time  a  notable  difierence  of  temperature  will  be  ob- 
served, the  coloured  having  become  much  hotter  than  the 
clear  liquid.  If  the  first  vessel  be  placed  at  a  considerable 
distance  from  the  surface  of  the  earth,  and  ihe  second  near 
the  aurfce,  the  difierence  is  slill  more  conBidcrablo.  Curry- 
ing on  this  experiment,  aud  suspending  tlie  first  over  llio  top 
of  a  high  moimlain,  and  the  second  in  a  valley,  we  may  ob 
tain  so  great  a  dlderence  of  temperature,  that  animals  whose 
organization  is  suited  for  the  one  temperature  could  not  live 
in  the  other,  and  yet  botli  are  expdsed  to  the  same  luminous 
rays  at  the  same  time,  and  substantially  at  the  same  distance 
from  the  emittent  body — the  substance  nearer  the  suu  is  in 
fact  colder  than  the  more  remote.  So,  with  regard  t«  tlie 
tnedium  ti-ansmittiug  the  influence  :  a  green-house  may  have 
its  temperature  considerably  varied  by  changing  the  glass  of 
which  its  roof  is  made. 

These  efiecta  have  an  important  bearing  on  certiun  cos- 
nucol  questions  wtiich  have  lately  been  much  discussed,  aud 
should  induce  the  greatest  caution  in  forming  opinions  ou 
Each  subjects  as  light  and  heat  on  the  sun's  surface,  tJio  tem- 
perature of  the  planets,  &c.  This  may  depend  as  mucli  upon 
their  physical  constitution  as  upon  their  distance  from  the 
Bun.  Indeed,  the  planet  Mars  gives  us  a  higldy  probable  ar- 
gument for  this ;  for,  notwilh standing  that  it  is  half  as  far 
again  from  the  sun  ua  the  earth  is,  the  increase  of  the  while 
li*aciB  at  its  poles  during  its  winter,  and  llieir  diminution  dur- 
ing its  Bummer,  show  that  the  temperature  of  the  surface  of 
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this  planet  oscillates  about  that  of  the  freezing  point  of  water, 
as  do  the  analngoos  zones  of  our  planet.  It  is  true,  in  this 
we  aSBnme  that  the  substance  ihua  changing  its  state  ia  water, 
but,  considering  the  many  close  analogies  of  this  planet  with 
the  earth,  and  the  identity  in  appearance  of  these  very  effects 
with  what  tokes  place  on  the  earth,  it  seems  a  highly  probar 
ble  assumption, 

So  it  by  no  means  necessarily  follows,  that  because  Venus 
is  nearer  to  the  sun  than  the  earth,  that  planet  is  hotter  than 
our  globe.  The  force  eniitted  by  the  sun  may  take  a  differ- 
ent character  at  the  surface  of  each  different  planet,  and 
require  different  organisms  or  senses  for  its  apprecialioQ. 
Myriads  of  organiwd  beings  may  exist  imperceptible  to  our 
vision,  even  if  we  were  among  them  ;  and  we  might  be  also 
imperceptible  to  them  I 

However  vain  it  may  be,  in  the  present  state  of  scieace, 
to  speculate  upon  such  existences,  it  ia  equally  vain  to  assume 
identity  or  close  approximations  to  our  own  forms  in  those 
beings  which  may  people  other  worlds.  From  analogical  i 
reasoning,  or  from  final  causation,  if  that  be  admitted,  we 
may  feel  convinced  that  the  gorgeous  globes  of  the  universe 
are  not  unpeopled  deserts  ;  hut  whether  the  denizens  of  other 
worlds  are  more  or  less  powerful,  more  or  leas  intelligent, 
whether  they  have  attributes  of  a  higher  or  lower  class  than 
ourselves,  is  at  present  an  utterly  hopeless  guessing.  J 

Specific  gravity  and  intelligence  have  no  neceasary  con- 
nexion. On  our  own  planet  five  senses,  and  a  mean  density 
equal  to  that  of  water,  are  not  invariably  associated  with  ii 
tellectnal  or  moral  greatoeaa,  and  Ihe  many  arguments  wliich 
have  been  used  to  prove  that  auna  and" planets  other  than  tha 
earth  are  uninhabited,  or  not  inhabited  by  intellectual  heinj 
might,  malatis  mutandit,  equally  be  used  by  the  denizens 
ft  sun  or  planel  to  prove  that  ibis  world  was  uninhabited. 

Men  are  too  apt,  because  they  are  men, 'because  their^ 
existence  ia  the  one  thing  of  all  importance  to  themselves, 
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)  sehemea  of  the  universe  as  though  it  was  formed  for 

a  alone  :  painted  by  an  artist  of  tlie  sun,  a  man  might  not 

teift  60   prominent   an    object  of  creation  as  he  does 

represented  by  his  own  pencil. 

'  Light  waa  regarded,  by  what  was  termed  the  corpuscular 

B  being  in  ilaelf  matter  or  a  specific  fluid  e 

a  Inminous  bodies,  and  producing  the  cffeeta  of  t 

f  impinging  on  the  retina.     This  theory  gave  way  to  the  un- 

latory  one,  which  is  generally  adopted  in  the  present  day, 

i  which  regards  light  as  resulting  &ora  the  nndulation  of  a 

Specific  fluid  to  which  the  name  of  ether  has  heen  given, 

which  hypothetic  fluid  is  anpposed  to  pervade  the  nnlverse, 

and  to  penetrate  the  pores  of  all  bodies. 

In  a  Lecture  delivered  in  January  1842,  when  I  first 
puhlicly  advanced  the  views  advocated  in  this  Essay,  I  stated 
that  it  appeared  to  me  more  consistent  with  known  facta  to 
regard  light  as  resulting  from  a  vibration  or  motion  of  the 
molecules  of  matter  itself,  rather  than  from  a  specific  ether 
pervading  it ;  just  as  sound  is  propagated  by  the  vibrations 
of  wood,  or  as  waves  are  by  water.  1  am  not  here  apeaking 
of  the  character  of  the  vibrations  of  light,  sound,  or  water, 
which  are  doubtless  very  different  from  each  other,  but  am 
only  comparing  them  so  far  as  they  illustrate  the  propagation 
of  force  by  motion  in  the  matter  iiaelf, 

I  was  not  aware,  at  the  time  that  I  first  adopted  the 
above  view,  and  brought  it  forward  in  my  Lectures,  that  the 
celebrated  Leonard  Euler  had  published  a  somewhat  similar 
theory ;  and,  though  I  suggealeiit  without  knowing  that  it 
had  been  previously  advanced,  I  should  have  hesitated  in 
reproducing  it  had  I  not  found  that  it  was  sauclioned  by  so 
eminent  a  mathematician  as  Euler,  who  cannot  be  supposed 
to  have  overlooked  any  irresistible  argument  against  it — the 
more  so  in  a  matter  so  much  controverted  and  discussed  as 
the  uodulalory  theory  of  light  was  in  his  time. 

Although  this  theory  has  been  considered  defective  by  a 


philosopher  of  high  repute,  I  eannot  see  the  force  of  the 
argumenla  by  which  iL  has  been  assailed  ;  aad  therefore,  for 
the  present,  though  with  diffidence,  I  still  adhere  to*t.  The 
fiict  itself  of  the  correlaiion  of  the  difterent  modes  of  force  is 
to  my  mind  a  very  cogent  argument  in  favour  of  their  being 
affections  of  the  same  matter ;  and  though  electricity,  magnet 
iflm,  and  heat  might  he  viewed  as  produced  hy  undulations  of 
the  same  ether  as  that  by  means  of  which  light  is  supposed  to 
be  produced,  yet  this  hypothesis  offers  greater  dilBoulties  with 
regard  to  the  other  affections  than  with  regard  to  light :  many 
of  these  difficulties  I  have  already  aUuded  to  when  treating  of 
electricity ;  thus  conduction  and  nonnxinduction  are  not  ex- 
plained by  it ;  the  transmission  of  electricity  through  long 
wires  in  preference  to  the  air  which  surrounds  them,  and 
which  most  be  at  least  equaUy  pervaded  by  the  ether,  is 
irrecondiahle  with  such  an  hypothesis.  The  phenomena  ex- 
hibited by  these  forces  afford,  as  I  think,  equaUy  strong  evi- 
dence with  those  of  light,  of  ordinary  matter  acting  from  par- 
ticle Ui  particle,  and  having  no  action  at  a  distance.  I  have 
already  instanced  the  experiments  of  Faraday  on  electrical 
induction,  showing  it  to  be  an  action  of  contignoua  particles, 
which  are  strongly  in  favour  of  this  view,  and  many  experi- 
ments which  I  have  made  on  the  voltaic  arc,  some  of  which 
I  have  mentioned  in  this  Essay,  are,  to  my  mind,  confirmsr 
tory  of  it. 

If  it  he  admitted  that  one  of  the  so^atled  imponderables  is 
a  mode  of  motion,  then  the  fact  of  its  being  able  to  produce 
the  others,  and  be  produflfed  by  them,  renders  it  highly  diffi- 
cult to  conceive  some  as  molecular  motions  and  others  aa 
fluids  or  undulations  of  an  ether.  To  the  main  objection  of 
Dr.  Toung,  that  all  bodies  would  have  the  properties  of  aohu 
phosphorus  if  light  consisted  in  the  undidalions  of  ordinary 
matter,  it  may  be  answered  that  so  many  bodies  have  ihia 
property,  and  with  bo  great  a  variety  in  its  duration,  that 
nun  cojistat  all  may  not  have  it,  though  for  a  time  so  short 
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eye  cannot  detect  its  duration.  M.  E.  Beciiuerel 
3  made  maay  experiments  which  support  tliis  view;  tlie 
t  of  the  phosphorescence  by  insolation  of  a  large  uiuuber 
Kbodies,  is  in  itself  evidence  of  the  matter  of  which  they  are 
mposed  being  thrown  into  a  slate  of  undulation,  or  at  aU 
I  molecularly  affected  by  the  impact  bf  light,  and  is 
ore  aa  argnnieiit  in  support  of  the  view  to  which  objeo- 
I  is  taken.  Dr.  Toung  admits  that  the  phenomena  of 
r  phosphorus  appear  to  resemble  greatly  the  sympathetic 
»  of  musical  instrumeats,  which  are  agitated  by  otlier 
inde  conveyed  to  them,  through  the  air,  and  I  am  not  aw^e 
kt  he  ^vea  any  explanation  of  these  effects  on  the  ethereal 


irioua  experiments  of  M.  Niepce  de  St.  Victor 

1  also  to  present  an  analogy  in  luminous  phenomena  to 

e  sounds.     An  engraving  which  has  been  kept  for 

!  days  in  the  dark  is  half  covered  by  an  opaque  screen, 

1  then  exposed  to  the  sun ;  it  is  then  removed  from  the 

,,  the  screen  taken  away,  and  the  engraving  placed  oppo- 

le,  and  at  a  short  distance  from,  photographic  paper :  an 

irted  image  of  that  portion  of  the  engraving  which  has 

1  exposed  to  the  sun  is  produced  on  the  photograpliic 

ar,  while  the  part  which  had  been  covered  by  the  screen 

;  reproduced.      If  the  engraving,  after   exposure,  is 

id  to  remain  in  contact  with  white  paper  for  some  hours, 

d  the  white  paper  is  then  placed  upon  photograpliic  pajier, 

imago  of  the  exposed  portion  of  the  engraving  is  repro- 

Siniilar  results  are  produced  by  mottled  marble  ei- 

o  the  sun ;  an  invisible  tracing  on  paper  by  a  fluores- 

a  body,  sulphate  of  quinine,  is,  after  insolation,  reproduced 

h  the  photographic  paper.     Insolated  paper  retains  the  power 

IJFprodtieing  aa  impression  for  a  very  long  period,  if  it  is  kept 

0  opaque  tube  hermetically  closed. 

t  is  right  to  observe  that  these  effects  are  supposed  by 
y  to  be  due  to  chemica'  emanations  proceeding  from  the 
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BiibBtaoMs  cxpoBod  to  the  sua,  and  which  are  believed  to  have 
tmdergoae  some  chemical  change  hy  this  exposure, 
desirable  to  await  further  experiment  before  forming  a  decid- 
ed opioion. 

The  aoalogieH  in  the  progression  of  sound  and  light  ara 
very  numerous ;  each  proceed' iu  straight  lines,  oatil  inter- 
rupted ;  each  is  reflected  iu  the  same  manner,  the  angles  of 
incidence  and  reflexion  being  equal ;  each  is  alternately  nulli- 
fied and  doubled  in  intensity  by  interference  ;  each  is  capable 
of  refraction  when  passing  from  media  of  different  densityi 
this  last  effect  of  aonnd,  long  ago  theoretically  determined, 
has  been  experimentally  proved  by  Mr.  Sondhauss,  who  con- 
structed a  lena  of  films  of  collodion,  which,  when  filled  with, 
carbonio  acid,  enabled  him  to  hear  the  ticking  of  a  watch 
placed  in  one  focus  of  tbe  lens,  the  ear  of  the  experimenter 
being  in  the  opposite  focus.  The  ticking  was  not  heard 
when  tha  watch  was  moved  aside  from  the  focal  point,  though 
it  remained  at  an  equal  distance  from  the  ear.  An  experi- 
ment of  M.  Dove  seems,  indeed,  to  show  an  effect  of  polari- 
sation of  sound. 

The  phenomena  presented  by  heat,  viewed  according  to 
the  dynamic  theory,  cannot  he  explained  by  the  motion  of  an 
imponderable  ether,  but  involve  the  molecular  actions  of 
ordinary  ponderable  matter.'  The  doctrine  of  propagation  by 
undulations  of  ordinary  matter  is  very  generally  admitted  by 
those  who  support  the  dynamical  theory  of  heat ;  but  the 
analogies  of  the  phenomena  presented  by  heat  and  light  are 
so  close,  that  I  cannot  see  how  a  theory  apphcd  to  the  one 
agent  should  not  be  applicable  to  the  other.  When  heat  is 
transmitted,  reflected,  refracted,  or  polarised,  can  we  view 
that  as  an  affection  of  ordinary  matter,  and  when  the  & 
effecia  take  place  with  light,  view  the  phenomena  as  pro- 
duced by  an  imponderable  ether,  and  by  that  alone  ? 

An  objection  that   immediately  occurs  to  the   mind 
reference  to  the  ethereal  hypothesis  of  light  is,  that  the  most 
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e  opaque  ;  cork,  charcoal,  pumico  Bfone,  dried 
and  moist  wood,  &c,,  all  very  poroua  and  very  light,  are  all 
opaque.  This  objection  is  not  so  superficial  as  it  might  seem 
at  first  sif;Lt,  The  theory  which  assumes  tliat  li^'ht  is  an 
undulation  of  an  ethereal  medium  pervading  gross  matler, 
assumes  the  distances  between  the  molecules  or  atoms  of 
mailer  to  he  yery  great.  Matter  Las  heen  likened  by  Denio- 
crituH,  and  by  many  modem  philosophers,  to  the  starry  firma- 
ment, in  whieh,  Ihtingh  the  individual  monads  a 
diatauces  from  each  other,  jet  they  have  in  th 
character  of  unity,  and  are  firmly  held  by  a 
respeclive  posilions  and  at  definite  distances.  Now,  if  matter 
be  built  up  of  separate  molecules,  then,  as  far  afl  our  knowl- 
edge extends,  the  lightest  bodies  would  be  those  in  which  the 
molecules  are  at  the  greatest  distances,  and  those  in  which 
any  undulation  of  a  pervading  medium  would  be  (he  least 
interfered  with  by  the  separated  particles — such  bodies  should 
cousefjuently  be  (he  most  transparent. 

It,  again,  (he  analogy  of  the  starry  firmament  held  good, 
in  this  case  an  undnlalion  or  wave  proportioned  to  (lie  indivi- 
dual monads  would  be  broken  up  by  the  numlier  of  Ihem,  and 
the  very  appearance  of  continuity  which  results,  as  in  Ihe 
milky  way,  from  each  point  of  vision  being  occupied  by  one 
of  the  monads,  would  show  that  at  some  portion  of  its  pro- 
gress the  wave  is  interrupted  by  one  of  them,  so  that  the 
whole  may  be  viewed  in  some  respect  as  a  sheet  of  ordinary 
]natt«r  interposed  in  the  ethereal  expanse. 

Even  then,  if  it  be  admitted  thata  highly  elastic  medium 
pervades  the  interspaces,  the  separate  masses  as  a  whole  must 
exercise  an  important  influence  on  the  progress  of  (lie  wave. 

Sound  or  vibrations  of  air  meeting  with  a  screen,  or,  as 
1,  sponge  of  difliised  particles,  would  he  broken  up  and 
dispersed  by  them  ;  hut  if  ihey  bo  sufSciently  continuous  to 
take  op  the  vibration  and  propagate  it  themselves,  the  sound 
ajtinuea  comparatively  unimpaired. 
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"Willi  regard,  however,  to  liquid  and  gaseous  bodies,  tLere 
are  very  great  difficulties  in  viewing  them  as  couaisting  of 
separate  and  distant  molecules.  If,  for  instance,  we  assume 
with  Young  that  iLe  particles  in  water  are  at  least  as  distant 
&om  each  other  comparatively  as  100  men  would  be  if  dis- 
persed at  equal  distances  over  the  surface  of  England,  the  dis- 
tance of  these  particles,  when  the  water  is  expanded  into 
sleam,  would  be  increased  more  than  forty  times,  so  that  the 
100  men  would  be  reduced  to  two,  and  by  further  increasing 
the  temperature  this  distance  may  he  indefinitely  increased ; 
adding  to  the  effecta  of  temperature  rarefaction  by  the  air- 
pmnp,  we  may  ngain  increase  tlie  distance,  so  that,  if  we  a»- 
Bume  any  original  distance,  we  ought,  by  expansion,  to  in- 
crease it  to  a  point  at  whieh  the  distance  between  molecule 
and  molecule  should  become  measm-able.  But  no  extent  of 
rarefaction,  whether  by  heat  or  the  air-pump,  or  both,  makes 
the  slightest  change  in  the  apparent  continuity  of  matter ; 
and  gaaea,  I  find,  retain  their  peculiar  character,  as  far  as  a 
judgment  of  it  can  be  formed  fi-om  its  effect  on  the  electric 
spark,  throughout  any  extent  of  rarefaction  which  can  exper- 
imentally be  applied  to  them ;  thus  the  electric  spark  in  prot- 
oxide of  nitrogen,  however  attenuated,  presents  a  crimson 
tint,  that  in  carbonic  oxide  a  greeoieh  tint. 

Wilhout,  however,  entering  on  the  metaphysical  enquiry 
as  to  the  constitution  of  matter  (or  whether  the  atomic  phil- 
osophers or  the  followers  of  Boscovich  are  right),  a  question 
which  probably  human  appliances  will  never  answer :  and 
even  admitting  that  an  ethereal  medium,  not  absolutely  im- 
ponderable as  asserted  by  many,  but  of  extreme  tenuity,  per- 
vades matter,  BtUl  ordinary  or  non-ethereal  matter  itself  must 
exercise  a  most  important  action  upon  the  tranemiasion  of 
light ;  and  Dr.  Toung,  who  opposed  the  theory  of  Euler,  that 
light  was  transmitted  by  undulations  of  gross  matter  itself, 
just  aa  sound  is,  was  afterwards  obliged  to  cull  to  his  assis- 
tance the  vibrations  of  the  ponderable  matter  of  the  refract- 
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g  media,  to  explain  why  rajs  of  all  colours  were  aot  equal- 
ly refracted,  and  other  ditfi cullies.  One  of  hia  argumeuts  in 
support  of  the  existence  of  a  permeating  etlier  was,  "  that  a 
medium  resembling  in  many  properties  that  which  Las  been 
denominated  Ether  does  exist,  is  undeniably  proved  by  the 
phenomena  of  electrieity."  Thie  seems  to  me,  if  I  may  ven- 
ture to  say  so  of  anything  proceeding  from  ao  eminent  a  man, 
scarcely  logical :  it  is  supporting  one  hypothesis  by  another, 
and  considering  that  to  be  proved  which  ita  moat  strenuous 
advocates  admit  lo  be  surrounded  by  very  many  difficulties. 

If  it  he  said  that  there  ia  not  sufficient  elasticity  in  oi-di- 
nary  matter  for  Ihe  transmiasion  of  undulations  with  such  ve- 
locity as  light  is  knowu  to  travel,  this  may  be  so  if  the  vibra- 
tions be  supposed  exactly  analogous  to  thoae  of  sound  ;  hat 
that  molecular  motion  can  travel  with  equal  and  even  greater 
Telocity  than  Ught,  is  shown  hy  the  rapidity  with  which  elec- 
tricity traversea  a  metal  wire  where  each  particle  of  metal  is 
undoubtedly  affected.  It  has,  moreover,  been  shown  by  the 
experimenlj  of  Mr.  Lalimer  Clarke  upon  a  length  of  wire 
of  760  miles,  that  whatever  be  the  intensity  of  electrical  cur- 
rents, they  are  propagated  with  the  same  velocity  provided 
the  efiecis  of  lateral  induction  be  the  same — a  stiTking  anal- 
ogy with  one  of  the  effects  observed  in  the  propagation  of 
light  and  sound.  The  effects  observed  by  MM.  Fizeaii  and 
Foucault,  of  the  slower  progression  of  light  in  proportion  as 
the  transmitting  medium  is  more  dense,  seem  tome  infavour 
of  the  view  here  advocated ;  aa  a  greater  degree  of  heat 
would  bu  produced  by  light  in  pi^porlion  to  the  density  of 
the  medium,  force  would  be  thus  carried  off,  and  the  molecular 
system  dislurlwd  so  that  the  progress  of  the  motion  should  be 
more  alow ;  but  so  many  conaj derations  enter  into  thia  question, 
and  the  phenomena  are  so  extremely  complex,  that  it  would 
be  rash  to  hazard  any  positive  opinion. 

Dr.  Young  ultimately  came  to  the  conclusion  that  it  was 
•implost  to  consider  the  ethcrual  medium,  together  with  iha 
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material  atonaB  of  tlie  sabstancc,  as  conatitnting  together  a 
compound  ineilium  denser  than  pure  etlier,  but  not  more  elas- 
tic. Ether  might  thus  be  viewed  as  performing  the  fnactioug 
which  oil  does  with  tracing  paper,  giving  continuity  to  tLa 
particlea  of  groes  matter,  and  in  the  interplanetary  spaces 
forming  itself  the  medium,  which  transmits  the  undulations, 

yince  the  period  when  Huyghens,  Euler,  and  Young,  the 
fethers  of  the  imdulatory  theory,  applied  their  great  miads  to 
this  subject,  a  mass  of  experimental  data  has  accumulal*J, 
all  tending  to  establish  the  propositions,  that  whenever  matter 
transmitting  or  reflecting  light  undergoes  a  structural  change, 
the  light  itself  is  affected,  and  that  tliere  is  a  connection  c 
parallelism  between  the  change  in  the  matter  and  the  change 
in  the  affectloo  of  light,  and  conversely  that  li^t  will  modify 
or  change  the  structure  of  matter  and  impress  its  molecules 
with  new  characteristics. 

Transparency,  opacity,  refraction,  reflection,  and  colour 
were  phenomena  known  to  tlie  ancients,  hut  suflicient  attention 
does  not  appear  to  have  been  paid  by  them  to  the  molecular 
states  of  the  bodies  producing  these  efiects  j  thus  the  trans- 
parency or  opacity  of  a  body  appears  to  depend  entirely  upon 
its  molecular  arrangement.  If  striie  occur  in  a  lens  or  glass 
through  which  objects  are  viewed,  the  objects  are  distorted : 
increase  the  number  of  these  striw,  the  distortion  is  so  in- 
creased that  the  objects  become  invisible,  and  Ihe  glass  ceases 
to  be  transparent,  thongh  remaining  translucent ;  but  altep 
completely  the  molecular  structure,  as  by  alow  solidification, 
and  it  becomes  opaque.  Take,  again,  an  example  of  a  liquid 
and  a  gas  :  a  solution  of  soap  is  transparent,  air  is  transpar- 
ent, but  agitate  them  togetlier  so  as  to  form  a.  froth  or  lather, 
and  this,  though  consisting  of  two  transparent  bodies, 
opaque ;  and  the  reflection  of  light  from  the  surface  of  these 
bodies,  wlien  so  intermixed,  is  strikingly  ditFerent  from  its  re- 
flection before  mixture,  in  the  one  case  giying  to  the  eye  a 
mere  general  effect  of  whiteness,  in  the  other  the  images  of 
objects  in  their  proper  shapes  and  colours. 


LIGHT.  131 

t  To  lake  a  moro  refined  instance :  nilrogen  ia  perfectly 
colourless,  oxygen  ie  perfectly  colourless,  but  chemically  oni- 
ted  in  certain  proportions  they  form  nitrous  acid,  a  gas  wliicli 
lias  a  deep  orange  brown  colour.  I  know  not  how  the  col- 
our of  tliis  gas,  or  of  such  gases  as  chloriuo  or  vapour  of 
iodine,  can  be  accounted  for  hy  the  ethereal  hypothesis,  with- 
out calling  in  aid  molecular  affections  of  the  matter  of  those 


Colour  in  many  instances  depends  upon  the  thickncBS  of 
the  plate  or  film  of  transparent  matter  upon  which  light  is  in- 
cident ;  as  in  all  those  cases  which  are  termed  the  colouia  of 
tliin  plates,  of  which  the  soap  bubble  affords  a  beautiful  in- 
stance. 

When  we  arrive  at  the  more  recent  discoveries  of  double 
refraclion  and  polarisation,  the  effects  of  light  are  found  to 
trace  out  as  it  were  the  structure  of  the  matter  afiected,  and 
tlio  crystalline  form  of  a  body  can  be  determined  by  the 
effects  whicli  a  minute  portion  of  it  exercises  on  a  ray  of 

Let  a  piece  of  good  glass  be  placed  in  what  is  called  n 
polariscope,  or  instrument  in  wliich  light  that  has  undergone 
polarisation  is  transmitted  tlirougli  the  substance  to  be  exam- 
ined, and  the  emergent  light  is  ailerwards  submitted  to  anoth- 
er substance  capable  of  polarising  light,  or,  as  it  is  termed,  an 
analyser  ;  no  change  in  effect  will  be  observed.  Remove  tjie 
glass,  heat  it  and  suddenly  or  quickly  cool  it  as  to  render  it 
onannealed,  in  wliich  state  its  molecules  aro  in  a  state  of 
tension  or  strain,  and  the  glass  highly  brittle,  on  replacing  it 
in  the  polariscope,  a  beautiful  scries  of  colours  is  perceptible. 
Cnstead  of  subjecting  the  glass  to  heat  and  sudden  cooling, 
let  it  be  bent  or  strained  by  mechanical  pressure,  and  the  col- 
ours will  be  equally  visible,  modified,  according  to  the  direc- 
tion of  the  flexure,  and  indicating  by  their  course  the  carves 
where  the  molecular  state  has  been  changed  by  pressure.  So 
if  tough  glue  be  elongated  and  allowed  to  cool  in  a  stretched 


OOSBELATIOn   OF  PSTSICAI,  FOKCI^. 


■tale,  it  doubly  rc&acls  light,  and  the  colours  ore  shonn  as  in 
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Sabmil  a  series  of  crjstals  to  the  same  enaminalion,  and 
differeot  fignrea  will  be  formed  by  different  crystalB,  bearing 
a  constant  and  definite  relation  to  the  Btmctnre  of  the  pailio- 
nlar  cryatal  examined,  and  to  the  direction  in  which,  wltU 
reference  to  crystaUine  form,  the  ray  crosses  the  crystaL 

In  the  crystaUised  salts  of  paralartaric  acid,  M.  Pastenr 
noticed  two  sets  of  crystals  which  were  hemihedral  in  oppo- 
site directions,  i.  e.  the  crystals  of  one  set  were  to  iboee  of 
the  other  as  to  their  own  image  reflected  in  a  mirror ;  oi: 
making  a  separate  solution  of  each  of  these  classes  of  crys- 
tals, ho  found  that  the  solution  of  the  one  class  rotated  the 
plane  of  polarisation  to  the  right,  while  that  of  the  other 
class  rotated  to  the  lef)-,  and  that  a  mixture  in  proper  propor- 
tions of  the  two  solutions  produced  no  deviation  in  tlie  plane 
of  polarisation.  Yet  aU  these  threo  solutions  are  what  is  terro* 
ed  isomeric,  that  is,  have  aa  far  as  can  be  discovered  the  same 
cbemical  constitution. 

In  the  above,  and  in  inninnerablo  other  cases,  it  is  seen 
that  an  alteration  in  the  structure  of  a  transparent  substance 
alters  the  character  and  effects  of  the  transmitted  light.  The 
phenomena  of  photography  prove  that  light  alters  the  struc- 
ture of  matter  submitted  to  it ;  with  regard  even  to  vision  it- 
self, llie  persistence  of  images  on  the  retina  of  the  eye  would 
seem  to  show  that  its  straetnre  was  changed  by  the  impact 
of  light,  the  luminous  impressions  being  as  it  were  branded 
on  the  retina,  and  the  memory  of  the  vision  being  the  scar  of 
Buch  brand.  The  science  of  photography  has  reference  main- 
ly to  solid  substances,  yet  there  are  many  instances  of  hquid 
and  gaseous  bodies  being  changed  by  tlie  action  of  light :  thus 
hydrocyanic  acid,  aliquid,  undergoes  a  chemical  change  and 
deposits  a  solid  carbonaceous  compound  by  the  action  of 
light.  Chloiine  and  hydrogen  gases,  when  mixed  and  pre- 
served in  darkness,  do  not  unite,  but  when  exposed  to  lighl 
rapidly  combine,  forming  hydrochloric  acid. 
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The  above  facfs — and  many  otters  might  have  been  given 
— go  far  to  connect  light  with  motion  of  ordinary  nuitter,  and 
lo  show  that  many  of  the  evidences  which  onr  senses  receive 
of  the  existence  of  light  result  from  changes  in  matter  itself. 
When  the  matter  is  in  the  solid  slate,  these  changes  are  more 
or  less  permanent;  when  in  the  liquid  or  gaseous  stale,  they 
are  temporary  in  the  greater  number  of  instances,  unless  there 
be  some  chemical  change  effected,  which  is,  as  it  were,  seiKcd 
upon  during  its  occurrence,  and  a  resulting  compound  formed, 
■which  is  more  stable  than  the  origiiml  compound  or  mix- 

I  mi^t  weary  my  reader  with  examples,  showing  that, 
in  every  coae  which  we  can  trace  out,  the  effects  of  light  are 
changed  by  any  and  every  change  of  strneture,  and  that  light 
has  a  definite  connection  with  the  structure  of  the  bodies 
affected  by  it.  I  cannot  but  think  that  it  is  a  strong  assump- 
tion to  regard  ether,  a  purely  hypothetical  creation,  as  chang- 
ing its  elasticity  for  each  change  of  structure,  and  to  regard 
it  as  penetrating  the  pores  of  bodies  of  whose  porosity  we 
have  in  many  eases  no  proof;  the  which  pores  must,  more- 
over, have  a  definite  and  peculiar  communication,  also  assumed 
for  the  purpose  of  the  theory. 

Ether  is  a  most  convenient  medium  for  hypothesis  :  thns, 
if  to  account  for  a  given  phenomenon  the  hypothesis  requires 
that  the  ether  he  more  clastic,  it  is  said  to  be  more  elastic  ; 
if  more  dense,  it  is  said  to  be  more  dense  ;  if  it  be  required 
by  hypothesis  to  he  less  elaatic,  it  is  pronounced  to  be  less 
elastic ;  and  so  on. 

The  advocates  of  the  ethereal  hypothesis  certainly  have 
this  advantage,  that  the  ether,  being  hypothetical,  can  have 
its  characters  modified  or  changed  with6ut  any  possibility  of 
disproof  either  of  its  existence  or  modifications. 

It  may  be  that  (he  refined  malhemutlcal  labours  on 
light,  as  on  electricity,  have  given  an  tindue  and  adventitious 
flrength  to  the  hypotheses  on  which  they  are  based. 


I        ttrength  to  the 


COEREX&TION   OF  rUTSICAL    FOBCEfl. 


An  obj<>clioii  to  wliidi  the  view  I  hnvc  been  advocathig  a 

fwn,  and  a  formiilublc  one,  is,  the  neccesily  involved  in  it  of 

n  univerBulplviiuin;  forif  light,  licat,  electricity, &c,l>eBfieo- 

lona  of  orcUnttry  matter,  tLen  matter  must  be  Enppoaed  to  1m 

I  «Turywlii>ru  )vhcru  these  plicDomena  are  apparent,  and  coi^ 

■oquentljr  Iheru  ciin  be  no  vacuuoi. 

I'liuHe    fiiroua  are    transmitted  through  what  are  called 

noiiu,  or  through  llio  inlerplauelary  spaces,  where  matter,  if 
uA  uxinl,  mUHt  hii  in  a  higlily  attenuated  state. 
I  It  may  bo  salely  elated  tliat  hitherto  all  attempts  at  pro- 
buriiig  u  [vurfi^et  vacuum  have  failed.  The  ordinary  BJr- 
^miiii])  givoi  ua  only  highiy  rarefied  air  ;  and,  by  the  principle 
H|f  ouimtruvdoti,  uvnn  of  the  bust,  the  operation  depends  npon 
Hj|u)  iudtiflnilo  (^xpansi»u  of  the  volume  of  air  in  the  receiver ; 
nvon  in  tlio  vat^uum  wliicli  is  formed  in  this,  so  great  is  the 
ntndiMicy  of  matter  to  1111  up  space,  that  I  have  obsej-ved  dis- 
■Bllud  wutur  nouluiiicd  in  a  vessel  within  the  ezhaneted  receiv- 
bv  of  A  iiood  air<jmmp  bnii  n  laHtc  of  tallow,  derived  from  the 
nmoiu,  or  an  ORMontial  oil  contained  in  it,  wluch  is  need  to 
■fbrin  an  aii'-liifht  junctiou  between  the  edges  of  the  receiver 
no'l  lliii  pump-plalo. 

I  Tilt'  Tiirrlot'llian  vacuum,  or  that  of  the  ordinary  baro- 
hialor,  I*  tllli>d  Willi  the  vapour  of  moreury ;  but  it  niiglit  be 
nrorlli  lliu  Iroulilu  to  ascertain  what  would  be  the  effect  of  a 
BttKid  Torrloolllftii  vaeuum,  when  the  mercury  in  the  tube  is 
■rOMen,  wliioli  mighl,  williout  much  difficulty,  be  now  effected 
Ky  Ihk)  use  of  solid  carbonic  aoid  and  other;  the  only  proba- 
Bl»  <1illlcii]ty  would  bu  Ibu  diffurunt  rales  of  contraction  of 
■ptiriiui'y  uiid  jjlasB,  at  Biieh  a  du}('''*o  ff  cold,  and  more  por- 
Hki^U'ly  ilia  conlractlou  of  mercury  at  the  period  of  its 
^■yUMiutl.  Davy,  however,  endeavoured  to  form  a 
^^H^B|  In  a  Hoiiiewhut  similar  uionnor,  over  fused  tin,  with 
Hpt^HtJlll  BiiccoBB ;  ho  also  made  many  other  attempts  to 
Hjilain  a  perfect  vactium  ;  hie  main  object  being  to  ascertain 
Bjrliul'  would  be  the  ua'ect  of  eluctrieity  across  empty  space ; 
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i  that  he  could  not  succeed  iu  procuring  a  v 
but  tbund  ekctricity  much  lean  readily  cooductud  or  trana- 
luittod  by  the  beat  vftcuum  he  could  procure  tlian  by  the  ordi- 
nary Boolean  vacuum, 

Morgan  found  no  conduction  by  a  good  Torricellian  vac- 
uum ;  and,  although  Davy  does  not  seem  to  place  much  rehance 
on  Morgan's  eiperiments,  there  was  one  point  in  which  they 
were  less  liable  to  error  than  those  of  Davy.  Morgan,  whose 
esperiments  socm  to  have  been  carefully  conducted,  operated 
with  hermetically 'Scaled  glass  tubes  and  by  induced  electricity, 
while  Davy  scaled  a  plutinam  wire  into  the  extremity  of  the 
tube  in  which  he  sought  to  produce  a  vacuum.  I  have  found 
in  very  numerous  experiments  which  I  made  to  exclude  air 
irom  water,  that  platinum  wires,  moet  carefully  sealed  into 
glass,  allow  liquids  to  pass  between  them  and  llie  glass ;  and 
this  ^vce  every  reason  to  believe  that  gases  may  equally  pass 
through  ;  I  have  observed  such  eflect  in  the  gas  battery  when 
it  baa  been  in  action  for  a  long  period.  Davy  supposed  that 
the  particles  of  bodies  may  be  detached,  and  so  produce  elec- 
trical effects  in  a  vacumm ;  and  such  efTccIs  woidd  more  rcad- 
Qy  take  place  in  his  experiments,  where  a  wire  projected 
into  tlie  exhausted  space,  than  in  Morgan's,  where  the  in- 
duced electricity  was  diffused  over  the  surface  of  the  glass. 

M.  Masson  found  that  the  barometric  vacuum  does  not 
conduct  a  current  of  electricity,  or  even  a  discharge,  unless 
Hm  tension  is  considerable  and  aulficient  to  detach  particles 
from  the  electrodes ;  and  by  adopting  a  plan  of  Dr.  An- 
drews, viz.  absorbing  carbonic  acid  by  potash,  M.  Gassiot 
has  recently  succeeded  in  forming  vacua  across  which 
the  powerful    discbarge    from  tlie  lihumkorf  coil  will  not 

The  odour  which  many  metals,  such  as  iron,  tin,  and 
izuo  emit,  and  the  so-called  thcmiograpliic  lodiations,  we 
ean  hardly  explain  upon  any  other  theory  than  the  evapora- 
tion of  ac  inP piles iiuoUy  smidl  portion  of  the  metal  iisell'. 
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So  universal  is  the  tendency  of  matter  to  difiii8e  itself 
into  space,  that  it  gave  rise  to  the  old  sajing  that  natura 
ahliora  a  vacuum ;  an  aphoriflm  which,  though  cavilled  at  and 
ridiculed  by  the  self-Bufflciency  of  some  modern  philosophers, 
conlainB  in  a  terse,  though  somewhat  metaphorical,  form  of 
expression  a  comprehensive  trull),  and  evinces  a  large  extant 
of  observation  in  those  who,  with  few  of  the  advantages  which 
we  possess,  first  generalised  by  this  sentence  the  facts  of 
which  they  had  become  cognisant. 

It  has  been  argued  that,  if  matter  were  capable  of  infinite 
divieibilily,  the  earth's  almosphere  would  have  no  limit,  and 
that  consequently  portions  of  it  would  exist  at  points  of  space 
where  the  attraction  of  the  sna  and  planets  would  be  greater 
than  that  of  the  earth,  and  whence  it  would  fly  ofi'to  those 
bodies  and  form  atmospheres  around  them.  This  was  sup- 
posed to  be  negatived  by  the  argument  of  the  weU-known 
paper  of  Dr.  Wollaston  ;  in  which,  fi'om  the  absence  of  notar 
blu  re&action  near  the  margin  of  the  sun  and  of  the  planet 
Jupiter,  he  considered  himself  entitled  to  contiude  that  the 
espansion  of  the  earth's  atmosphere  had  a  definite  limit,  and 
was  balanced  at  a  certain  point  by  gravitation ;  this  deduc- 
tion has  been  shown  to  be  inconclusive  by  Dr.  WheweU,  and 
has  also  been  impugned  upon  others  grounds  by  Dr.  WUaon. 
There  is  a  point  not  adverted  to  in  these  papers,  and  which 
WoUaston  does  not  seem  to  have  considered,  viz.  that  there 
is  no  evidence  that  the  apparent  discs  of  the  sun  and  of  Jupi- 
ter show  us  then-  real  discs  or  bodies.  Sir.  W.  Hcrschel 
regards  the  margin  of  the  visible  discs  as  that  of  clouds  or  a 
peculiar  state  of  atmosphere,  and  the  rapidly  changing  char- 
acter of  the  apparent  surfaces  render  some  such  conclusioii 
necessary.  If  this  be  so,  refraction  of  an  occulted  star  could. 
not  be  detected — at  all  events,  in  tie  denser  portion  of  the 
atmosphere. 

Sir  W.  Herschel'a  observations  go  to  prove  that  the 
pm  and  Jnpiler  have  dense  atmospheres,  while  Wollaston'a 
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J  believed  to  prove  tbat  tliey  have  bo  appreciable  atmos 
plieres. 

If  it  be  admitted,  or  considered  proved,  that  tie  sun  and 
planets  bave  atmospheres — imd  Ktilc  doubt  novr  exisls  on  this 
point — ihea  the  grounds  upon  which  WoUaston  founded  liia 
argnments  are  ualenable  ;  and  there  appears  no  reason  wliy 
the  ainiosphere  of  Ihe  different  planets  should  not  be,  with 
reference  to  each  olher,  in  a  state  of  equilibrium.  Elher,  or 
the  higldj'-attenualed  mailer  existing  in  the  interplanelary 
spaces,  being  an  expansion  of  some  or  all  of  these  atmos- 
pheres, or  of  tlie  more  volatile  portions  of  them,  would  llius 
furnish  mailer  for  the  transmission  of  (he  modes  of  motion 
which  we  call  light,  heat,  &a. ;  and  poaaibly  minute  portions 
of  these  atmospheres  may,  by  gradual  changes,  pass  from 
planet  to  planet,  Ibrming  a  hni  of  tnateriol  conamonicatioa 
between  the  dislaot  monads  of  the  uoiverae. 

The  view  given  above  would  approximate  the  theory  of 
the  iransmission  of  light  by  llie  midulations  of  ordinary  mat- 
ter to  ihe  other  two  theories,  which  equally  suppose  the  non- 
existence of  a  vacumn ;  for,  according  to  the  emissive  oi 
corpuscular  theory,  the  vacuum  is  tilled  by  ihe  matter  itself, 
of  light,  heat,  &o. ;  according  to  the  elhereal,  it  is  filled  by 
the  all-penetrating  elher.  Of  the  existence  of  matter  in  the 
'nlerplanetary  spaces  we  have  some  evidence  in  the  diminish- 
ing periods  of  cornels;  and  where,  from  its  highly  attenuated 
elate,  the  eharacler  of  the  medium  by  which  the  forces  are 
conveyed  cannot  he  tested,  the  term  ether  is  a  most  appropri- 
ate generic  name  for  such  medium. 

Newton  has  some  curious  passages  on  the  subject  mailer 
of  light.     In  the  '  Queries  to  llie  Ojitics '  he  says ; — 

'Are   not  gross    bodies  and  light  convertible  into  one 

another,  and  may  not  bodies  receive  much  of  their  activity 

from  the  particles  of  light  which  enter  their  composition? 

*     *     "     The  changing  of  bodies  inio  ligiit  and  light  into 

.bodies  is  very  conlbrmablo  to  the  course  of  nature,  which 
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Beems  delighted  wilh  traaBmotatioiiB.  Water,  which,  is  a 
very  fluid,  tastcleas  sail,  she  changes  by  heat  into  rapoor, 
'which  is  a  sort  of  air,  aod  by  cold  into  ice,  which  is  a,  hard, 
pellucid,  britlle,  fusihle  Btone,  and  this  sione  returns  into 
water  by  heat,  and  vapour  rctume  into  waler  by  cold.  •  • 
And,  among  such  various  and  strange  trangmuIationB,  whj 
may  not  nature  change  bodies  into  light,  and  light  into 
bodies  r ' 

Newton  has  here  seemingly  in  his  mind  the  emisBive. 
theory  of  light ;  but  the  passages  might  be  applied  to  either 
theory ;  the  analogy  he  saw  in  the  change  of  state  of  matter, 
as  in  ice,  water,  and  vapour,  with  tlie  Iiypothetic  change  into 
light,  is  very  atrilting,  and  would  seem  to  show  that  he  regard- 
ed the  change  or  transmutation  of  which  he  speaks  as  one 
analogous  to  the  known  changes  of  state,  or  consistence,  in 
ordinary  matter. 

The  difference  between  the  view  which  1  am  adeocating 
and  that  of  the  ctliereal  theory  as  generally  enunciated  is, 
that  tlie  matter  which  in  the  interplanetary  spaces  serves  as 
tlie  means  of  transmitting  by  its  undulations  light  and  heat,  I 
shoold  regard  as  possessing  the  qualities  of  ordinary,  or  as  it 
has  BometimcB  been  called  gross,  matter,  and  particularly 
weight ;  though,  from  its  extreme  rarefaction,  it  would  mani- 
fest these  properties  in  an  indefinitely  small  degree  ;  whilst,  on 
the  surface  of  the  earth,  that  matter  attains  a  density  cognisa- 
ble by  our  means  of  experiment,  aod  the  dense  matter  is 
itself,  in  great  pari,  the  conveyer  of  the  undulations  in  which 
these  agents  consist.  Doubtless,  in  lery  many  of  the  forms 
which  matter  assumes  it  is  porous,  and  pervaded  by  more 
volatile  essences,  which  may  differ  as  much  in  kind  as  matter 
docs.  In  these  cases  a  composite  medium,  such  as  that  indi- 
cated by  Dr.  Young,  would  result ;  bnt  even  on  such  a  suppo- 
sitiot,  the  denser  matter  would  probably  exercise  the  more 
important  iuQucnce  on  the  undulations.  Betumln 
(omewhat  strained  hypothcais,  that  llie  particles  of  dense 
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a  so-called  solid  are  as  dislant  as  the  stars  in  heaven, 
Btill  a  certain  depth  or  thickness  of  such  solid  would  pi'eBcnt 
at  every  poiIl^  of  space  a,  particle  or  rock  in  the  successive 
progress  of  a  wave,  which  particles,  to  carry  on  the  move- 
ment, must  vihrate  in  unison  with  it. 

At  the  utmost,  our  asHumption,  on  the  one  hand,  is  that 
wherever  light,  heat,  &c.,  esiat,  ordinary  matter  exists,  though 
it  may  be  so  attenuated  that  we  cannot  recognise  it  by  the 
tests  of  other  forces,  sucb  as  gravitation,  and  that  to  the  ex- 
pansibility of  matter  no  limit  can  be  assigned.  On  the  other 
hand,  a  specific  matter  without  weight  m.ust  be  aasunaed,  of 
the  existence  of  wliich  there  is  no  evidence,  bat  in  the  phe- 
nomena for  the  explanation  of  which  its  existence  is  supposed. 
To  account  for  the  pheuomena  the  ether  is  assumed,  and  to 
prove  the  existence  of  the  ether  the  phenomena  are  cited. 
For  these  reasons,  and  others  above  given,  I  tliink  that  the 
iption  of  the  universality  of  ordinary  matter  is  the  least 
itoitous. 


A  question  has  oflen  occurred  to  me  and  possibly  to  oth- 
la  the  continuance  of  a  luminous  impulse  in  the  intei^ 

letary  spaces  perpetual,  or  does  it  after  a  certain  distance 
dissipate  itself  and  become  lost  as  light — I  do  not  mean  by 
mere  divergence  directly  as  the  squares  of  the  distances  it 
travels,  but  does  tlie  physical  impulse  itself  lose  force  as  it 
proceeds?  Upon  the  view  I  have  advocated,  and  indeed 
tipon  any  undnlatory  hypothesis,  there  must  bo  some  resist- 
ance to  its  progress ;  and  unless  the  matter  or  ether  in  the 
iuterplanetdry-spacea  be  infinitely  elastic,  and  there  he  no 
lateral  action  of  a  ray  of  light,  tliero  must  be  some  loss. 
That  it  is  exceedingly  minute  is  proved  hj  the  distance  light 
travels.  Stars  whose  parallax  is  aiscerlainod  are  at  such  a 
distance  from  the  earth  that  their  light,  travelling  at  the  rate 
b1  192,500  miles  in  a  second,  takes  more  than  ten  years  to 
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reach  the  caiih ;  so  that  we  see  them  as  they  existed  ten 
yuars  ago.  The  distance  of  most  ™ible  stars  is  probably  far 
greater  thau  this,  and  yet  their  brilliance  is  great,  and  in- 
creases when  their  rays  are  collected  by  the  telescope  in  pro- 
portion ceteris  paTihuii  to  the  area  of  tie  object-glass  or  speo- 
ulum.  There  is,  however,  an  argnment  of  a  somewhat  epeo 
ulftlive  character,  by  which  light  would  seem  to  be  lost  or 
transformed  into  some  other  force  in  tlie  interplanetary  spaces. 

Every  increase  of  Hpiiee-penetrating  power  in  the  tele- 
scope gives  ua  a  new  field  of  visible  stars.  If  this  expansion 
of  the  stellar  universe  go  on  indefinitely  and  no  light  he  lost, 
then,  assuming  the  iised  stars  to  be  of  an  average  equal 
brightness  with  our  sun,  and  no  light  lost  other  than  by  diver- 
gence, the  night  ought  to  be  equally  luminoua  with  the  day ; 
tor  though  the  light  from  each  point  diminishes  in  intensity 
as  the  square  of  the  distance,  the  number  of  luminous  points 
would  fill  up  the  whole  space  around  us ;  and  if  every  point 
of  space  is  occupied  by  an  equally  brilliant  point  of  light,  the 
distance  of  the  points  becomes  immateria].  Tlie  loss  of  Uglit 
intercepted  by  stellar  bodies  would  make  no  difference  in  the 
total  quantity  of  light,  for  each  of  those  would  yield  from  itfl 
own  self-luminosity  at  least  as  much  light  as  it  intercepted, 
light  may,  however,  be  intercepted  by  opaque  bodies,  snch 
as  planets  ;  but,  making  every  allowance  for  these,  it  ia  diiE- 
cult  to  understand  why  we  get  so  little  light  at  night  from  the 
stellar  universe,  without  assuming  that  some  light  is  lost  in  its 
progress  through  space — not  lost  absolutely,  for  that  would  be 
an  annihilation  of  force — but  converted  into  some  other  mode 
of  niolioo. 

It  may  be  objected  that  this  hypothesis  assumes  the  stel- 
lar universe  to  be  illimitable  :  if  pushed  to  its  extreme  so  as 
to  make  the  light  of  night  equal  that  of  day,  provided  no 
stellar  light  be  lost,  it  does  make  this  assomplion ;  but  even 
this  is  a  far  more  rational  assumption  to  make  than  that  the 
•tellar  universe  is  limited.     Our  experience  gives  no  indica 
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tion  of  a  Kmit ;  each  improvement  in  telescopic  power  gives 
US  new  realms  of  stars  or  of  nebulae,  which,  if  not  stellar 
clusters,  are  at  all  events  self-luminous  matter ;  and  if  we  as- 
sume a  limit,  what  is  it?  We  cannot  conceive  a  physical 
boundary,  for  then  immediately  comes  the  question,  what 
i>ounds  the  boundary?  and  to  suppose  the  stellar  universe  to 
be  bounded  by  infinite  space  or  by  infinite  chaos,  that  is  to 
say,  to  suppose  a  spot — ^for  it  would  then  become  so— of  mat^ 
ter  in  definite  forms,  with  definite  forces,  and  probably  teem- 
ing with  definite  organic  beings,  plunged  in  a  universe  of 
nothing,  is  to  my  mind  at  least  far  more  unphilosophical  than 
to  suppose  a  boundless  universe  of  matter  existing  in  forms 
and  actions  analogous  to  those  which,  as  far  as  our  examina- 
tion goes,  pervade  space.  But  without  speculating  on  topics 
in  which  the  mind  loses  itself,  it  may  not  unreasonably  be 
expected  that  a  greater  amount  of  light  would  reach  us  from 
the  surrounding  self-luminous  spheres  were  not  some  portion 
lost  as  light,  by  its  action  on  the  medium  which  conveys  the 
impulses.  What  force  this  becomes,  or  what  it  efiects,  it 
would  be  idle  to  speculate  upon. 


YI.— MAGNETISM. 


MAGNETISM,  OB  was  proved  by  the  important  discov- 
ery of  Faraday,  will  produce  electriciti/,  but  with  Ihia 
peculiarity — that  in  itself  it  ia  static  ;  and,  (herefore,  to  pro- 
duce a  dynamic  force,  motion  must  be  superadded  to  it :  it  ia, 
in  fact,  directive,  not  motive,  altering  the  direction  of  other 
forces,  but  not,  in  strictness,  initiating  them.  It  is  difficult 
to  convey  a  definite  notion  of  the  force  of  magnetiam,  and  of 
the  mode  in  which  it  afiects  other  forces.  The  following  il- 
lustration may  give  a  rude  idea  of  magnetic  polarity.  Sup- 
pose a  number  of  wind-vanes,  say  of  tlie  shape  of  arrows, 
with  the  spindles  on  which  they  revolve  arranged  in  a  row, 
but  the  vanes  pointing  in  various  directions :  a  wind  blowing 
from  the  same  point  with  an  uniform  velocity  will  inalanllj 
arrange  these  vanes  in  a  definite  direction,  the  arrow-heads 
or  narrow  parts  pointing  one  way,  the  awallow-tajls  or  broad 
prtrts  another.  If  they  be  delicately  suspended  on  their  spin- 
dles, a  very  gentle  breeze  will  so  arrange  them,  and  a  very 
gentle  breeze  will  again  deflect  them ;  or,  if  the  wind  cease, 
and  they  have  been  originally  aubject  to  other  forces,  such  as 
^avity  from  unequal  suspension,  they  will  return  to  irregu- 
lar positions,  themselves  creating  a  slight  breeze  by  their  re- 
turn. Such  a  state  of  things  will  represent  the  state  of  the 
molecules  of  soft  iron  ;  electricity  acting  on  them — not  indeed 
in  straight  lines,  but  in  a  definite  direction — produces  a  polar 
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rangement,  which  the^  will  lose  as  bodd  as  the  dynamic  !□- 
dncing  force  is  remoyed. 

Let  us  now  suppose  the  vanes,  instead  of  tomiog  easily, 
to  be  more  stiffly  fixed  to  the  asloa,  so  as  to  be  turned  with 
difficulty ;  it  will  require  a  stronger  wind  to  more  them  and 
arrange  them  definitely  ;  but  when  so  arranged,  they  will  re- 
tain their  position  ;  and  should  a  gentle  breeze  spring  up  in 
another  direction,  it  will  not  niter  their  position,  but  will  it- 
self he  Jeflcitely  deflected.  Should  the  conditions  of  force 
and  stability  be  intermediate,  both  the  breeze  and  the  yanes 
will  be  slightly  deflected ;  or,  if  there  be  no  breeze,  and  the 
spindles  he  all  moved  in  any  direction,  preserving  their  linear 
relation,  they  will  themselves  create  a  hreeze.  Thus  it  is  - 
with  the  molecules  of  hard  iron  or  steel  in  permanent  mag- 
nets ;  they  are  polarised  with  greater  difficulty,  but,  when  bo 
polarised,  they  cannot  be  affected  by  a  feeble  current  of  elcc- 
ti-icity.  Again,  if  the  magnets  he  moved,  they  tlienisclyos 
originate  a  current  of  electricity ;  and,  lastly,  the  magnetic 
polarity  and  the  electric  current  may  be  both  mutually  at 
fccted,  if  the  degrees  of  motion  and  stahilily  be  intennediale. 

The  above  instance  will,  of  course,  be  taken  only  as  an 
approximation,  and  not  as  binding  me  to  any  closer  analogy 
than  is  geuerally  expected  of  a  mechanical  illustration.  It 
is  difficult  to  convey  hy  words  a  definite  idea  of  the  dual  or 
antithetic  character  of  force  involved  in  the  term  polarity. 
The  illustration  I  have  employed  may,  I  hope,  somewhat  aid 
in  elucidaling  the  manner  in  which  magnetism  acta  on  the 
other  dynamic  forces  ;  i.  e.,  definitely  directing  them,  but  not 
initiating  them,  except  while  in  motion. 

Magnets  being  moved  in  tlie  direction  of  lines,  joining 
their  poles,  produce  electrical  currents  in  such  neighbouring 
bodies  as  are  conductors  of  electricity,  in  direetions  trans- 
verse to  the  line  of  motion ;  and  if  the  direction  of  motion 
or  the  position  of  the  magnetic  poles  be  reversed,  the  current 
of  electricity  flows  in  a  reverse  direction.     So  if  the  magnet 
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be  stationary,  conducting  bodies  moved  acrosB  any  of  tlie 
lines  of  magnetic  force,  L  e.  lines  in  tLe  direction  of  whicli 
the  mutual  action  of  the  poles  of  the  magnet  "wonld  place 
minute  portions  of  iron,  have  currents  of  electricity  devel- 
oped in  Ihem,  the  direction  of  which  is  dependent  upon  that 
of  the  motion  of  the  substance  with  reference  to  the  magnetic 
poles.  Thus,  as  bodies  afTected  by  an  electrical  current  are 
definitely  moved  by  a  magnet  in  proximity  to  them,  ao  con- 
versely bodies  moved  near  a  magnet  have  aa  electrical  cur- 
rent developed  in  them.  Magnetism  can,  then,  through  the 
medium  of  electricity,  produce  lieat,  light,  and  chimiical  affin- 
ity. Motion  it  can  directly  produce  under  the  above  condi- 
tions ;  i.  e.  a  nmgaet  heing  itself  moved  will  move  other  fer- 
reous  bodies  :  these  will  acquire  a  static  condition  of  equilib- 
rium., and  be  again  moved  when  the  maguet  is  also  moved. 
By  motion  or  arrested  motion  only,  couM  the  phenomena  of 
magnetism  ever  have  become  known  to  us.  A  magnet,  how- 
ever powerful,  might  rest  for  ever  unnoticed  and  unknown, 
unless  it  were  moved  near  to  iron,  or  iron  moved  near  to  it, 
BO  as  to  come  within  the  sphere  of  its  attracliou. 

But  even  with  other  than  either  magnetic  or  electrified 
BubBtances,  all  bodies  wiU  be  moved  when  placed  near  the 
poles  of  very  powerful  magnets — some  taking  a  position  ai- 
ially,  or  in  the  line  from  pole  to  pole  of  the  magnet ;  others 
equatorially,  or  in  a  direction  transverse  to  that  line — the 
former  being  attracted,  the  latter  apparently  repelled,  by  the 
poles  of  the  magnet.  These  effects,  according  to  the  views 
of  Faraday,  show  a  generic  difference  between  the  two 
classes  of  bodies,  magnetics  and  diamagnelics ;  according  to 
others,  a  difference  of  degree  or  a  resultant  of  magnetic  ac- 
tion !  the  less  magnetic  substance  being  forced  into  a  trans- 
rerse  position  by  the  magnetisation  of  the  more  magnetic 
medium  which  surrounds  it. 

According  to  the  view  ^ven  above,  magnetism  may  bo 
produced  by  the  other  forces,  just  as  the  vanes  in  the  instoncfl 


given  are  definitely  deflected,  bat  cannot  prodnce  them  except 
wbea  in  motion ;  motion,  thereiore,  is  to  be  regarded  in  tliia 
case  as  tlie  initiative  force.  Magnetism  will,  however,  di- 
rectly affect  the  other  forces — li^t,  heat,  and  chemical  affin- 
ity, and  change  their  direction  or  mode  of  action,  or,  at  all 
events,  win  so  affect  matter  subjected  10  these  forces,  that 
their  direction  is  changed.  Since  these  lectures  were  deliv- 
ered, Faraday  has  discovered  a  remarkable  effect  of  the  mag. 
netic  force  in  occasioning  the  deflection  of  a  ray  of  polarised 
Kght. 

If  a  ray  of  polarised  light  pass  through  water,  or  through 
any  transparent  liquid  or  solid  which  does  not  alter  or  turn 
aside  the  plane  of  polarisation,  nnd  the  column,  stty  of  water, 
through  which  it  passes  be  subjected  to  the  action  of  a  pow- 
erful magnet,  the  line  of  magnetic  force,  or  that  which  would 
onite  the  poles  of  the  magnet,  being  in  the  same  direction  as 
the  ray  of  polarised  light,  the  water  aeqnires,  with  reference 
to  the  light,  similar,  though  not  quite  identical,  properties  to 
oil  of  turpentine — the  plane  of  polarisation  is  rotated,  and 
the  direction  of  this  rotation  ia  changed  by  changing  tho  di- 
rection of  the  magnetic  force :  thus,  if  we  suppose  a  polar- 
ised ray  to  pass  fii-st  in  its  course  the  north  pole  of  the  mag- 
net, then  between  that  aud  the  south  pole  it  will  be  deflected, 
or  curved  to  the  right;  while  if  it  meets  the  south  pole  first 
in  its  course,  it  wdl,  in  its  journey  between  that  and  the  north 
pole,  be  turned  to  the  left.  If  the  substance  through  which 
the  ray  ia  transmitted  be  of  itself  capable  of  deflecting  the 
plane  of  polarisation,  as,  for  instance,  oil  of  turpentine,  then 
the  niftgnetie  influence  will  increase  or  diminish  this  rotation, 
according  to  its  direction.  A  similar  effect  to  tliis  is  observed 
with  polarised  heat  when  the  medium  through  which  it  is 
transmitted  ia  subjected  to  magnetic  inSaorice, 

Whether  this  effect  of  magnetism  is  rightly  termed  an  ef- 
fect upon  light  and  heat,  or  is  a  molecular  change  of  tho  mat- 
ter transmitting  the  light  and  heat,  is  a  question  the  resolu- 
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tion  of  which  muat  he  left  to  tiie  fiiture  ;  at  preaent,  tlie  an- 
swer to  it  would  depend  upon  the  theory  we  adopt.  If  the 
view  of  light  and  beat  which  I  have  Htatcd  be  adopted,  then 
we  may  fiiirly  say  that  maguelism,  in  these  expcriinents,  di- 
rectly affects  the  other  forces ;  for  light  and  heat  being,  ao- 
cording  to  that  ^iew,  motions  of  ordinary  matter,  magnetism, 
in  affecting  these  niovementa,  affects  the  forces  which  occa- 
aion  them.  If,  however,  the  other  theories  be  adhered  to,  it 
would  he  more  consistent  with  the  facts  to  view  these  roaulta 
a3  exhibiting  an  action  upon  the  otatter  itseli',  and  the  heat 
and  light  as  secondarily  affected. 

When  substances  are  undergoing  chemical  changes,  and  a 
magnet  is  brought  near  them,  the  direction  or  lines  of  action 
of  the  chemical  force  will  be  changed.  There  are  many  old 
experiments  wliich  probably  depended  on  this  effect,  but 
which  were  erroneously  considered  to  prove  that  permanent 
magnetism  could  produce  or  increase  chemical  action :  these 
have  recently  been  extended  and  explained  by  Mr,  Hunt  and 
Mr.  Wartmann,  and  are  now  better  understood. 

The  above  cases  are  applicable  to  the  subject  of  the  preft- 
eut  Essay,  inasmuch  as  tiiey  show  a  relation  to  exist  between 
magnetic  and  the  other  forces,  which  relation  is,  in  all  proba- 
bility, reciprocal ;  but  in  these  cases  there  is  not  a  production 
of  light,  heat,  or  chemical  af&nity,  by  magnetism,  but  a  change 
in  their  direction  or  mode  of  action. 

There  is,  however,  that  which  may  be  viewed  as  a  dy- 
damic  condition  of  magnetism ;  i,  e.  its  condition  at  the  com- 
mencement and  the  termination,  or  during  tlie  increment  or 
decrement  of  its  developmcDt,  While  iron  or  steel  is  being 
rendered  magnetic,  and  as  it  progresses  &om  its  non-magnetio 
to  its  maximum  magnetic  state,  or  recedes  irom  its  maximum 
to  zero,  il  exhibits  a  dynamic  force ;  the  molecules  are,  it 
may  be  inferred,  ia  motion.  Similar  effects  can  then  bo  pro; 
duced  to  those  which  are  produced  by  a  magnet  whilst  in  mo- 
tion. 
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An  experiment  which  I  published  in  1845  tctuls,  I  Ihiak 
to  illualrale  this,  and  in  some  degree  to  show  the  character 
of  the  motion  impressed  upon  the  molecules  of  a  man:nelic 
metal  at  the  period  of  magnetisation.  A  tube  filled  with  the 
liquid  in  which  ma^etic  oxide  of  iron  had  been  prepared, 
and  terminated  at  each  end  by  plates  of  gln^,  is  surrounded 
by  a.  con  of  coated  wire.  To  a  spectator  looking  through  this 
tttbe  a  flash  of  light  is  perceptible  whenever  the  coil  is  elec- 
trised, and  less  light  is  transmitted  when  the  electrical  current 
ceases,  showing  a  symmetrieal  arrangement  of  the  minute 
particles  of  magnetic  oxide  while  under  the  magnetic  in- 
fluence. 

la  this  exporimeut  it  should  be  home  in  miod,  that  the 
particles  of  oxide  of  iron  are  not  shaped  by  the  hand  of  man, 
as  would  be  the  case  with  iron  filings,  or  similar  minute  por- 
tions of  magnetic  matter,  but  being  chemically  precipitated, 
are  of  the  form  given  to  tlicm  by  nalure. 

While  magnetism  is  in  the  state  of  change  above  described, 
it  will  produce  the  other  forces;  but  it  maybe  said,  while 
magnetism  is  thus  progressive,  some  other  force  is  acting  on 
it,  and  therefore  it  does  not  ioitiat*  :  this  is  true,  but  the 
same  may  be  said  of  all  the  other  forces  ;  they  have  no  com- 
mencement that  we  can  trace.  We  must  ever  refer  tliem 
back  to  some  antecedent  force  equal  in  8moim.t  to  that  pro- 
duced, and  therefore  the  word  initiation  cannot  in  strictness 
apply,  hut  most  only  ho  taken  as  signiiying  llie  force  selected 
as  the  first :  this  is  another  reason  why  the  idea  of  abstract 
causation  is  inapplicable  to  physical  production.  To  this 
point  I  shall  again  advert. 

Electricity  may  thus  be  produced  directly  by  magnetism, 
either  when  the  magnet  as  a  mass  is  in  motion,  or  when  its 
magnetism  is  commencing,  increasing,  decreasing,  or  ceasing ; 
and  heat  may  similarly  be  directly  produced  by  magnetism, 
I  have,  since  the  first  edition  of  tliis  Essay  was  published, 
communicated  tr  the  Royal  Society  a  paper  by  which  I  think 
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I  have  Hatiafactorily  proved,  that  whenever  any  metal  snBcepti- 
ble  of  magnetism  is  magnetised  or  demagnetiaed,  its  tempera- 
ture is  raised.  This  was  shown,  first,  by  sabjecting  a  bar  of 
iron,  nickel,  or  cobalt  to  the  influence  of  a  powerful  elecivo- 
magnet,  which  wag  rapidly  magnetised  and  demagnetised  in 
reverse  directJoiiB,  the  electro-magnet  itself  being  kept  cool  by 
cisterns  of  water,  so  that  the  magnetic  metal  subjected  to  the 
infiuence  of  magnetism  was  raised  to  a  higher  temperature 
than  the  electro-magnet  itself,  and  could  not,  therefore,  have 
acquired  its  increased  temperature  by  conduction  or  radiation 
of  heat  from  the  electro-magnet ;  and  secondly,  by  rotating 
a  permanent  steel  magnet  with  its  pole  opposite  to  a 
of  iron,  a  thermo-eleetric    pile    being  placed   opposilfl  the 

Dr.  Ma^  covered  a  plate  of  homogeneous  soil  iron  with 
a  thin  coating  of  wax  mixed  with  oil,  a  tube  traversed  the 
centre  through  which  the  vapour  of  boiling  water  was  passed. 
The  plate  was  made  to  rest  on  the  poles  of  aa  electro-maguet, 
with  card  interposed.  When  the  iron  is  not  magaetised,  the 
melted  wax  assamea  a  circular  form,  the  tube  occupying  the 
centre,  hut  when  the  electro-magnet  is  put  in  action,  the  curve 
markiug  the  boundary  of  the  melted  substance  changes  its  form 
aud  becomes  elongated  in  a  direction  transverse  to  the  line 
joining  Ihe  poles,  showing  that  the  conducting  power  of  the 
iron  for  heat  is  changed  by  magnetisation. 

Thus  we  get  heat  produced  by  magnetism  and  the  ooDduc- 
tion  of  heat  altered  by  it  in  a  direction  having  a  definite  rela- 
tion to  the  direction  of  the  tuagnelism.  Is  it  necessary  h 
call  in  aid  elher  or  the  substance  '  caloric'  to  explain  thea 
results?  is  it  not  more  rational  to  regard  the  calorific  effects 
is  changes  in  the  molecular  arrangements  of  the  matter  sub- 
jected to  magnetism? 

Tliere  is  every  probability  that  magnetiBm,  in  the  dynar 
mia  slate,  either  when  the  magnet  is  in  motion,  or  when  the 
mognedc  intensity  is  varying,  ^rill  also  directly  produce  chemi> 


'  cal  affinity  and  ligtt,  lliough,  up  to  the  present  time,  such  liaa 
not  been  proved  to  be  the  case ;  the  reciprocal  effiict.  also,  uf 
tlie  direct  production  of  magnetism  by  light  and  heat  has  not 
jet  been  esperimentallj  eslablifihed. 

I  have  used,  in  contradistiaction,  the  terms  dynamic  and 
static  to  represent  the  different  etatea  of  magnetism.  The 
applications  I  have  made  of  these  terms  may  bo  open  lo  some 
exception,  but  I  know  of  no  other  words  wliich  will  so  nearly 
express  my  meaning. 

The  static  condition  of  magnetism  resembles  the  static 


condition  of  other  forces  :  such  as  the  state  of  tension  exist- 
ing in  the  beam  and  a  cord  of  a  balance,  or  in  a  charged 
Leyden  phial.  The  old  definition  of  force  was,  that  which 
caused  change  in  motion  ;  and  yet  even  this  definition  pre* 
Bents  a  difficulty :  in  a  case  of  static  equilihritun,  e>ucIi,  for 
instance,  as  that  which  obtains  in  the  two  arms  of  a  balance, 
we  get  the  idea  of  force  without  any  palpable  apparent  motion  : 
whether  there  be  really  an  absence  of  motion  may  he  a  doubl- 
fiil  question,  as  such  absence  would  involve  in  ttus  case  per- 
fect elasticity,  and,  in  all  other  cases,  a  stability  which,  in  a 
long  course  of  time,  nalure  generally  negatives,  showing,  as 
1  believe,  an  inseparable  conneulion  of  motion  with  matter, 
and  an  impossibility  of  a  perfectly  immobile  or  durable  state. 
So  with  magnetism :  I  believe  no  magnet  can  exist  in  an 
absolutely  stable  State,  (hough  the  duration  of  its  stability 
will  be  proporlionate  to  its  original  resistance  lo  assuming 
a  polarised  condition.  This,  however,  must  be  taken  merely 
OS  a  matter  of  opinion :  we  have,  in  support  of  it,  the  general 
facts  that  magnets  do  deteriorate  in  the  course  of  years  ;  and 
we  have  the  fiirther  general  fact  of  the  inslahility,  or  fluxional 
state,  of  all  nature,  when  we  have  an  opportunity  of  lairly 
investigating  it  at  diflerent  and  remote  periods :  in  many 
cases,  however,  the  action  is  so  slow  that  the  changes  escape 
human  observation,  and,  until  Ibis  can  be  brought  to  bear 
oyai'  a  proportionate  period  of  time,  tlie  proposition  couuot  be 
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said  to  be  experimentally  or  indnctivBly  proved,  but  mnat  ba 
left  to  the  mental  conviction  of  those  who  examine  it  by  the 
lig^t  of  already  acknowledged  facts. 

All  cases  of  static  force  present  the  same  difficulty :  thus, 
two  springs  pressing  againat  each  oilier  would  be  said  io  be 
exercising  force  ;  and  yet  there  ia  no  resulting  action,  no  hcai, 
no  light,  &Ct 

So  if  gas  be  compressed  by  a  piston,  at  the  time  of  eoin^ 
pre3"iiin  heat  is  given  off;  but  ivhen  tliis  is  abfltraelcd, 
iiltl  .L'ii  the  pressure  continues,  no  iiiriher  heat  ia  eliminated. 
Thus,  by  an  equilibrium  produced  by  opposing  forces,  motion 
iei  locked  up,  or  in  abeyance,  as  it  were,  and  may  be  again 
developed  when  the  forces  are  relieved  from  the  tension, 
y^ut  in  the  first  instauro,  in  producing  the  state  of  tension, 
force  has  to  be  employed  ;  and  aa  we  have  said  in  treating  of 
mechanical  force,  so  with  the  other  forces  the  original  change 
which  disturbs  equilibrium  produces  other  changes  which  go 
on  without  end.  Thus,  by  the  act  of  charging  a  Leyden 
phial,  the  cylinder,  the  rubber,  and  the  adjoining  portions  of' 
the  electrical  machine  have  each  and  all  their  states  changed, 
and  thence  produce  changes  in  surrounding  bodies  ad  injini- 
tvm, ;  when  the  jar  is  discharged,  converse  changes  are  again 
produced. 

Aa  with  heat,  light,  and  electricity,  the  daily  accumubiliog 
observations  tend  to  show  that  each  change  in  the  phenomena 
to  which  these  names  are  given  is  accompanied  by  a  change 
f-ther  temporarvor  permanent  in  the  matter  aflected  by  them  ; 
30  many  recent  experiments  on  magnetism  have  connected 
magnetic  phenomena  with  a  molecular  change  in  the  subject 
matter.  Thus  M  Wertheim  has  shown  that  the  elasticity  of 
iron  and  steel  i"  altered  by  magnetisation ;  the  co-efficient  of 
uhiBticity  in  irri  being  temporarily,  in  steel  permanently 
diminished. 

He  has  al-(  r-jc^mined  the  effects  of  torsion  upon  magnet-' 
ised  iron,  and  concludes,  from  his  experiments,  that  in  a  baf  < 
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of  iron  arrived  at  a  state  of  magnetic  equilibrium,  temporary 
torsion  diminishes  the  magnetism,  and  that  the  untwisting  or 
return  to  its  primitive  state  restores  the  original  degree  oi 
magnetisation. 

M.  Guillemin  observed  that  a  bar  slightly  curved  by  its 
own  weight  is  straightened  by  being  magnetised.  Mr.  Page 
and  Mr.  Marrion  discovered  that  a  sound  is  emitted  when 
iron  or  steel  is  rapidly  magnetised  or  demagnetised ;  and  Mr. 
Joule  found  that  a  bar  of  iron  is  slightly  elongated  by  mag- 
netisation. 

Again,  with  regard  to  diamagnetic  bodies,  M.  Matteucci 
found  that  the  mechanical  compression  of  glass  altered  the 
rotatory  power  upon  a  ray  of  polarised  light  which  it  trans- 
mitted. He  further  considered  that  a  change  took  place  in 
the  temper  of  portions  of  glass  which  he  submitted  to  the  in- 
fluence of  powered  magnets. 

The  same  arguments  which  have  been  submitted  to 
the  reader  as  to  the  other  affections  of  matter  being  modes 
of  molecular  motion,  are  therefore  equally  applicable  to  mag- 
aetism. 

9 


VH.— CHEMICAL  AFFDaTY. 

CI  HEMIC  AL  AFFINITY,  or  the  force  by  which  diBsimfc. 
,'  lar  bodies  t«sd  to  unite  and  form  compounds  difiering' 
generally  in  character  from  Iheir  constituents,  is  tliatmode  o 
force  of  which  the  human  mind  has  hitherto  formed  the  least 
definite  idea.  The  word  ilself — affinity — is  ill  chosen, 
meaning,  in  thia  instance,  bearing  co  analogy  to  its  ordinary 
sense  ;  and  the  mode  of  its  action  is  (conveyed  by  certain  con- 
ventional expressions,  no  dynamic  theory  of  it  worthy  of 
attention  having  been  adopted.  Its  aclion  bo  modifies  and 
alters  the  character  of  matter,  that  the  changes  it  in- 
duces have  acquired,  not  perhaps  very  logically,  a  generio 
contradiBtiDctton  from  other  material  changca,  and 
thus  use,  as  contradistingoished,  the  terms  physical  and 
chemical. 

The  main  dislinction  between  chemical  affinity  and  physt 
cal  attraction  or  aggregation,  is  the  difference  of  charoeter  a 
the  chemical  compound  from  its  components.  This  is,  how^ 
ever,  but  a  vague  line  of  demarcation  ;  in  many  caaea,  whieli 
would  be  classed  by  all  as  chemical  actions,  the  chai 
character  is  but  slight ;  in  others,  as  in  the  effects  of  neutral* 
sation,  the  difference  of  character  would  be  a  result  whid 
would  equally  follow  frona  physical  atti-aetiou  of  dissimilar 
Bubatancea,  the  previous  characters  of  the  constituents  depend 
ing  upon  this  very  attraction  or  affinity :  thus  an  acid  corrode* 
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J  it  tends  to  nnite  with  another  body ;  when  united, 
^corrosive  power,  I.  o.  its  teiideniy  lo  unite,  being  satiated, 
o  to  speak,  be  further  altrauied,  and  it  necessarily 
irroaive  power.  But  there  are  other  cases  where 
I  such  result  could  d.  priori  be  unticipBled,  as  where  tlie 
iF  combining  tendency  of  the  compound  is  high^ 
1  that  of  its  constituents :  thus,  who  could,  by  physii^al 
uoniug,  anticipate  a  substance  hke  nitric  ucid  from  the 
diination  of  nitrogen  and  oxygen? 
The  nearest  approach,  perhaps,  that  we  can  form  lo  a 
mprehension  of  chemical  action,  ia  by  regarding  it  (vaguely 
a  molecular  attraction  or  motion.  It  will 
ctly  produce  motion  of  definite  masses,  by  the  resultant 
of  the  molecular  changes  it  ioducea :  thus,  the  projectile 
efiecls  of  gunpowder  may  be  cited  as  familiar  instances  of 
motion  produced  by  chemical  action.  It  may  be  a  question 
whether,  in  this  ease,  the  force  which  occasions  tlie  motion 
of  the  mass  is  a  conversion  of  the  force  of  chemical  affinity, 
or  whether  it  is  not,  rather,  a  liberation  of  other  forces  exist- 
ing in  a  state  of  static  oquilibriam,  and  having  been  biHtught 
into  such  slate  by  previous  chemical  actions ;  but,  at  all 
events,  tlirough  the  nacdimn  of  electricity  chemical  affinity 
may  be  directly  and  quantiiatively  converted  into  the  other 
modes  of  force.  By  chemical  affinity,  then,  we  can  directly 
produce  decirieity;  this  hitter  force  was,  indeed,  said  by 
Davy  to  be  chemical  affinity  acting  on  mosses :  it  appears, 
rather,  to  be  chemical  affinity  acting  in  a  definite  direction 
through  a  chain  of  particles ;  but  by  no  definition  can  the 
exact  relation  of  chemical  affinity  and  electricity  be  expressed  ; 
for  the  latter,  however  closely  related  to  the  former,  yet  exists 
.where  the  former  does  not,  as  in  a  metallic  wire,  M'hich  when 
electrified,  or  conducting  electricity,  is,  nevertheless,  not 
ehemically  altered,  or,  at  least,  not  known  to  he  chemicaUy 
aJiced. 

Volta,  the  antitype  of  P«>metheus,  first  enabled  ns  de  • 
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finitely  to  relate  the  forces  of  chemistry  and  electricity. 
When  two  dissimilar  metals  in  contact  are  immersed  in  a 
liquid  belonging  to  a,  certain  claea,  and  capable  of  acting 
chemically  on  one  of  them,  what  is  termed  a  voltaic  circnit  is 
formed,  and,  by  the  diemical  action,  that  peculiar  mode  of 
force  called  an  electric  current  is  generated,  which  circrdates 
from  metal  to  metal,  acrosa  the  liquid,  and  tlirough  the  points 
of  contact. 

Let  ns  take,  as  an  instance  of  the  converaioD  of  chomica] 
force  into  electrical,  the  ibllowing,  which  I  made  known  boi 
years  ago.  If  gold  be  immersed  in  hydrochloric  acid, 
chemical  action  takes  place.  If  gold  bo  immersed  in  nitrio 
acid,  DO  chemical  action  takea  place  ;  but  mix  the  two  acids, , 
and  the  immersed  gold  ia  chemically  attacked  and  dissolved : 
this  an  is  ordinary  chemical  action,  the  result  of  a  double  chemi 
cal  affinity.  In  hydrochloric  acid,  which  is  composed  ol 
chlorine  and  hydrogen,  the  affinity  of  chlorine  for  gold  being 
leaa  than  its  affinity  for  hydrogen,  no  change  takes  place  ;  but 
when  the  nitric  acid  is  added,  this  latter  containing  a  great 
quantity  of  oxygen  in  a  state  of  feeble  combination,  the 
affinity  of  oxygen  for  hydrogen  opposes  tliat  of  hydrogen  for 
chlorine,  and  then  the  affinity  of  the  latter  for  gold  ia  enabled 
to  act,  the  gold  combines  with  the  chlorine,  and  chloride  of 
gold  remains  in  solution  in  the  liquid.  Now,  in  order  to 
exhibit  this  chemical  force  in  the  form  of  electrical  force, 
instead  of  mixing  the  liquida,  place  them  in  separate  vesseb 
or  compartments,  bat  so  that  they  may  be  in  contact,  which 
may  be  effected  by  having  a  porous  material,  such  as  un 
glared  porcelain,  amianthus,  Ac,  between  them.  Immerse  U 
each  of  these  liquida  a  strip  or  wire  of  gold :  as  long  as  thesi 
pieces  of  gold  remain  separated,  no  chemical  or  electrical 
effect  takes  place ;  but  the  instant  they  are  brought  iito 
metallic  contact,  either  immediately  or  by  connecting  each 
with  the  same  metallic  wire,  chemical  action  takes  place—' 
the  gold  hi  the  hydrochloric  acid  is  dissolved,  electrical  actioa 
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also  takes  place,  the  nitric  acid  is  deosidiscd  by  the  trans- 
ferred hydrogen,  and  a  current  of  electricity  may  be  delected 
in  the  metals  or  connecting  metal  by  the  application  of  a  gal 
Tanometer  or  any  instrnmeat  appropriate  for  detecting  suoli 
effect. 

There  are  few,  if  any,  chemical  acHons  which  cannot  Iw 
experimentally  made  to  produce  electricity :  the  oxidation  of 
metals,  the  burning  of  combuatiblea,  the  combination  of  oxy 
gen  and  hydrogen,  &c.,  may  all  be  made  sources  of  elec 
tricity.  The  common  mode  In  which  the  electricity  of  the 
voltaic  battery  is  generated  ia  by  the  chemical  action  of  water 
upon  zinc  ;  this  action  is  increased  by  adding  certain  acids  to 
the  water,  which  enable  it  to  act  more  powcriidly  upon  the 
zinc,  or  in  some  cases  act  themselves  upon  it ;  and  one  of  the 
most  powerful  chemical  actions  known — that  of  nitric  acid 
upon  oxidable  metals — is  that  which  produces  the  most  pow- 
erfii]  voltaic  battery,  a  combination  which  I  made  known  in 
the  year  1839  :  indeed,  we  may  safely  say,  that  when  the 
chemical  foi-ce  is  utiUsed,  or  not  wasted,  but  all  converted  into 
electrical  force,  the  more  powerful  the  chenaical  action,  the 
more  powerful  is  the  electrical  action  which  resulla. 

If,  instead  of  employing  manufactured  products  or  educts, 
such  as  zinc  and  acids,  we  could  realise  as  electricity  the 
whole  of  the  chemical  force  which  is  active  in  the  combustion 
of  cheap  and  abundant  raw  materials,  such  as  coal,  wood,  fat, 
&c.,  with  air  or  water,  we  shoidd  obtain  one  of  the  greatest 
practical  desiderata,  and  have  at  our  command  a  mechanical 
pOMrer  in  every  respect  snperior  in  its  applicability  to  the 
steam  engine. 

I  have  shown  that  the  flame  of  the  common  blowpipe  gives 
rise  to  a  very  marked  electrical  current,  capable  not  only  of 
effecting  the  galvanometer,  but  of  producing  chemical  decom- 
position :  two  plates  or  eoUa  of  platinum  are  placed,  the  one 
in  the  portion  of  the  flame  near  the  orifice  of  the  jet,  or  at 
Iba  points  where  combustion  commences,  the  other  in  the  fiill 


yellow  flame  where  combnetion  is  at  its  maximum ;  tlila  lattei 
should  be  kept  cool,  to  enable  a  tbernio-electric  current,  wliicli 
ia  produced  by  tlie  different  temperatore  of  the  plalinnm 
plates,  to  co-operate  with  the  flame  current ;  wires  attached 
to  the  plates  of  plalinujn  form  the  tenninals  or  poles.  By  a 
row  of  jets  a  flame  battery  may  be  formed,  yielding  increaaetl 
effects  ;  but  in  these  experimeniB,  thongh  theoretically  int^i^ 
esting,  so  small  a  frnetion  of  the  power,  actually  at  work  in 
the  combustion,  has  been  thrown  into  an  electrical  form,  tliat 
there  is  no  immediate  promise  of  a  prautical  result. 

The  quantity  of  the  electrical  cmrent,  aa  meaam-ed  by  the 
quantity  of  matter  it  acts  Bpon  in  its  different  phenomenal 
effects,  is  proportionate  to  the  quantity  of  chemical  action 
which  generated  it ;  and  its  intensity,  or  power  of  overcoming 
resistance,  is  also  proportionate  to  the  intensity  of  chemical 
affinity  when  a  single  voltaic  pair  is  employed,  or  to  the  num- 
ber of  reduplications  when  the  weU-knowii  instrument  called 
the  voltaic  battery  is  used. 

The  mode  in  which  the  voltaic  current  is  increased  in  in- 
tensity by  these  reduplications,  is  in  itself  a.  atriking  instance 
of  the  mutual  relations  and  dynamic  analogies  of  different 
forces.  Let  a  plate  of  zinc  or  other  metal  possessing  a  strong 
aiiinity  for  oxygen,  and  another  of  platinum  or  other  metal 
posacBsing  little  or  no  affinity  for  oxygen,  be  partially  im- 
mersed in  a  vessel.  A,  containing  dilute  nitric  acid,  but  not 
in  contact  with  each  other  ;  let  platinum  vrires  touching  each 
of  these  plates  have  their  estremitiea  immersed  in  another 
vessel,  B,  containing  also  dilute  nitric  acid :  as  the  acid  in 
vessel  A  is  decomposed,  by  the  chemical  affinity  of  the  zine 
for  the  oixygen  of  the  acid,  the  acid  in  vessel  B  is  also  decom- 
posed, oxygen  appearing  at  the  extremity  of  the  wire  which 
Ja  connected  with  the  platinum :  the  chemical  power  is  con- 
veyed or  transferred  through  the  wires,  and,  abstracting  cei^ 
tain  local  effects,  for  every  unit  of  oxygen  which  combines 
with  the  line  in  the  one  vessel,  a  imit  of  oxygen  ia  evolrod 


from  the  platinum  wire  in  the  other.  The  platinum  wire  ia 
thus  thrown  into  a  condition  analogous  to  zinc,  or  has  a  pow 
er  given  to  it  of  determining  the  oxygen  of  the  hqnid  to  'tia 
surface,  though  it  cannot,  as  is  the  case  with  zinc,  com 
bine  with  it  under  simihir  circnmBtancee.  If  wo  now  Buhsti 
tnte  for  the  platinum  wire  which  was  connected  with  the 
platinum  plate,  a  zinc  wire,  we  have  in  addition  to  the  doler- 
mining  tendency  by  which  the  platinum  was  affected,  thp 
chemical  affinity  of  the  oxygen  in  vessel  B  for  the  zinc  wire 
thus  wo  have,  added  to  the  force  which  was  originally  pro- 
duced by  the  zinc  of  the  combination  in  vessel  A,  a  second 
force,  produced  by  the  zinc  in  vessel  B,  co-operating  with  the 
first ;  two  pairs  of  zinc  and  platinum  thus  connected  produce, 
therefore,  a  more  intense  effect  than  one  pair ;  and  if  we  go 
on  ndiling  to  these  alternations  of  zinc,  platinum,  and  liqnid, 
we  obtain  an  indefinite  exaltation  of  chemical  power,  just  as 
in  mechanics  we  obtain  accelerated  motion  by  adding  fresh 
impulses  to  motion  already  generated. 

The  same  rule  of  proportion  which  holds  good  in  chemi- 
cal combinations  also  obtains  in  electrical  effects,  when  these 
are  produced  by  chemical  actions.  Dallon  and  others  proved 
that  the  constituents  of  a  vast  number  of  compound  substances 
always  bore  a  definite  quantitative  relation  to  each  other : 
thus,  water,  which  consists  of  one  part  by  weight  of  hydro- 
gen united  to  eight  parts  of  oxygen,  cannot  be  formed  by  the 
same  elem.ents  in  any  other  than  these  proportions  ;  you  can 
neither  add  to  nor  subtract  from  tlie  normal  ratio  of  the 
elements,  without  entirely  altering  the  nature  of  the  com- 
pound. Further,  if  any  element  be  selected  as  unity,  tlie 
combining  ratios  of  other  elements  wiU  bear  an  invariable 
quantitative  relation  to  that  and  to  each  other :  thus  if  hydro- 
gen he  chosen  as  1,  oxygen  will  be  8,  chlorine  will  he  36 ; 
that  ie,  oxygen  will  unite  with  hydrogen  in  the  proportion  of 
B  parl«  by  weight  to  1,  while  chlorine  will  unite  with  hydro- 
gen in  the  proportion  of  36  to  1,  or  with  oxygen  in  the  pro- 


portion  of  36  to  8.  Numbers  expressing  their  combining 
weights,  which  are  thus  relatiTe,  not  absolute,  may  by  a  con- 
ventional assent  as  to  the  point  of  unity,  be  fixed  for  all  cbemi* 
col  reagents  ;  and,  when  so  fixed,  it  will  be  found  that  bodies, 
at  least  in  inorganic  compounds,  generally  unite  in  those  pro- 
portions, or  in  simple  multiples  of  them :  these  proportions 
u-e  termed  Equivcdents. 

Now  a  voltaic  battory,  which  consistB  nsually  of  altemi^ 
tdons  of  two  metals,  and  a  liquid  capable  of  acting  chemically 
upon  one  of  tiiom,  has,  as  we  have  seen,  the  power  of  pro- 
ducing chemical  action  in  a  liquid  connected  with  it  by  loetab 
upon  which  this  liquid  is  incapable  of  acting :  in  sach  case  the 
constituents  of  the  liquid  will  bo  eliminated  at  the  surfaces  of 
the  immersed  metals,  and  at  a  distance  one  from  the  other. 
For  example,  if  the  two  platinum  terminals  of  a  voltaic 
battery  be  immersed  in  water,  oxygen  will  bo  evolved  at  one 
and  hydrogen  at  tbo  other  terminal,  exactly  in  the  propoi^ 
tJons  in  which  thej  form  water  ;  whUe,  to  the  most  minute 
examination,  no  action  is  perceptible  ia  the  stratom  of 
liquid.  It  was  known  before  Faraday's  time  that,  wtiile  thia 
chemical  action  was  going  on  in  the  subjected  liquid,  a  chemi- 
cal action  was  going  on  in  the  cells  of  the  voltaic  battery ; 
but  it  was  scarcely  if  at  all  known  that  the  amount  of  cdtemi- 
cal  action  in  the  one  bore  a  constant  relation  to  the  amount 
of  action  in  the  other.  Faraday  proved  that  it  bore  a  direct 
equivalent  relation :  that  is,  supposing  the  battery  to  be 
formed  of  zinc,  platinum,  and  water,  tlie  amount  of  oxygen 
which  united  with  the  zinc  in  each  ceil  of  the  battery  was 
exactly  equal  to  the  amount  evolved  at  the  one  platinum  ter- 
minal, while  the  hydrogen  evolved  from  each  platinum  plato 
of  the  battery  was  equal  to  the  hydrogen  evolved  from  the 
other  platinum  terminal. 

Supposing  the  battery  t^j  be  cbnigcd  with  bydroddoric 
acid,  instead  of  water,  while  the  terminals  are  separated  by 
water,  then  for  every  36  parts  by  weight  of  chlorine  which 
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.  nttited  with  each  plale  of  riuc,  eight  porta  of  oxygen  wonld 
be  evolved  from  uue  of  the  platiniun.  terminals :  Ibat  is,  the 
weights  would  be  precisely  in  the  same  relation  which  Dalton 
proved  la  exist  in  their  chemioal  combining  weights.  Thia 
maj  be  extended  to  all  liqaids  capable  of  being  decomposed 
by  the  voltaic  force,  tlience  called  EUctrohjtea :  and  as  no  vol- 
taicefl'ect  is  prodnted  by  liquids  incapable  of  being  thns  de- 
composeil,  il  follows  that  voltaic  acdoa  is  chemical  action  tak- 
ing place  at  a  distance,  or  transferred  through  a  chain  of 
media,  and  that  the  chemical  equivalent  numbers  are  tlie  ex- 
ponents of  liiB  amount  of  voltaie  action  for  corrESpoading 
chemical  substances. 

As  heat,  light,  magnetism,  or  motion,  can  be  produced  by 
the  requisite  applJcatioQ  of  the  electric  curreat,  and  as  this  ta 
definitely  produced  by  chemical  action,  wo  get  these  ibrcea 
very  definitely,  though  not  immediately,  produced  by  chemi- 
cal action.  Let  tis,  however,  here  enquire,  as  wo  have  al- 
ready done  with  respect  to  the  other  forces,  how  far  other 
forces  may  directly  emanate  from  chemical  affinity. 

Heai  is  an  immediate  product  of  chemical  affinity.  I 
know  of  no  exception  to  the  general  proposition  that  all  bod- 
ies in  chemically  combining  produce  heat ;  i.  e.  if  solu- 
tion be  not  considered  as  chemical  action,  and  even  In  that 
case,  when  cold  results,  it  is  from  a  change  of  consistence,  as 
from  the  solid  to  the  liquid  state,  and  not  from  chemical 

We  shall  find  that  the  same  view  of  the  expenditure  of 
force  which  we  have  considered  in  treating  of  latent  heat 
holds  good  aa  to  the  expenditure  of  chemical  force  when  re- 
garded with  reference  to  the  amount  of  hoat  or  repulsive 
force  which  it  engenders,  the  chemical  force  being  here  ex- 
hausted by  chemical  expansion — thai  is,  by  heat.  Thus,  in 
the  chemical  action  of  the  ordinary  combustion  of  coal  and 
oxygen,  the  expenditure  of  fuel  will  be  in  proportion  to  the 
expansibility  of  the  substances  hoated ;  water  passing  freely 
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into  the  steam  mil  conHDme  more  fuel  tl:an  if  it  be  confined 
and  kept  at  a  temperatnre  a1)oye  its  boiling  point. 

Why  chemical  action  produces  beat,  or  what  is  the  action 
of  the  molecules  of  matter  when  chemioally  nniting,  ie  a 
question  upon  which  many  theories  have  been  proposed  and 
which  may  possibly  be  never  more  than  approximately  ra- 
Bolved. 

Some  authors  explain  it  by  the  condensation  which  takes 
place ;  but  this  wHl  not  account  tor  the  many  instances  where, 
from  the  liberation  of  gases,  a  great  increase  of  volume  en- 
sues upon  chemical  combustion,  as  in  the  familiar  instance 
of  the  explosion  of  gunpowder  :  others  explain  it  as  rosnlting 
frora  the  union  of  atmospheres  of  positive  aad  negative  elec- 
^  tricily  which  are  assimied  to  surroond  the  atoms  of  bodies ; 
but  this  involves  hypothesia  upon  hypothesis.  Dr.  Wood  has 
lately  thrown  out  a  view  of  the  heat  of  chemical  action  which 
is  more  in  accordance  with  a  dynamic  theory  of  heat,  and 
as  such  demands  some  notice.  Starting  with  his  proposition, 
which  I  have  previously  mentioned,  '1hat  the  nearer  the  par- 
ticles of  bodies  are  to  each  other  the  less  they  require  to 
move  to  produce  a  given  motion  in  the  particles  of  another 
body,'  his  argnmeat,  if  I  rightly  understand  it,  assumes  some- 
thing of  this  form. 

In  the  mechanical  approximation  of  the  particles  of  b 
homogeneous  body  heat  results  ;  the  particles  o  ti  of  the  body 
A  would,  by  their  approximation,  produce  expansion  in  the 
neighbouring  body  B,  the  more  so  in  proportion  as  thoy  them- 
selves were  previously  nearer  to  each  other.  In  chemicaDy 
combining,  a  a  the  particles  of  A  ore  brought  into  very  close 
proximity  with  6  6  the  particles  of  B  ;  heat  should  therefore 
resnlt,  and  the  greater  because  the  proximilry  may  fairly  be 
assumed  to  be  greater  in  the  case  of  chemical  combination 
than  in  thot  of  mechanical  compression.  In  coses,  then, 
where  there  is  no  absolute  diminution  of  bulk  ensuing  on 
chemical  combination,  if  the  greater  proximity  of  the   com* 
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[  fcining  particles  be  auch  that  the  correlative  expansion  oiif,'tt 
to  be  greater  (if  there  were  no  chemical  comhinatioa)  than 
that  occupied  by  the  total  volume  of  the  new  compouni],  an 
extra  expanding  power  is  evolved,  and  heat  or  cxpaasioa 
ooght  to  be  produced  in  euirouuding  bodies.     In  other  words, 
if  a  a  could  be  brought  by  physical  attraction  as  near  each 
other  aa  they  are  by  chemical  attraction  brought  near  to  i  6, 
they  would,  from  their  increased  proximity,  produce  an  ex- 
pansive power  tiUra  the  volume  occupied  by  tlie  actual  chem- 
ical compound  A  and  B.     The  question,  however,  imuiedi- 
L  stely  occurs,  why  should  the  volume  of  the  compound  he  lim- 
ted  and  not.  occupy  the  Adl  space  equivalent  to  the  expanding 
r  induced  by  th^  contraction  or  approximation  of  the 
■ticles.     As  the  distance  of  the  particles  is  the  resultant 
B«f  the  contendiag  contracting  and  expanding  powers,  this 
EGSult  ou^t  to  express  itHelf  in  terms  of  the  actual  rolume 
■produced  by  the  combiiiali<jn,  whicli  it  certainly  does  not. 

Though  I  see  some  dxAcnittM  En  Dr.  Wood's  theory,  and 

■|ierhapa  have  not  ri^lly  ^njoerfrtH  it,  liis  views  have  to  my 

'  mind  great  interest,  his  D>i>d«  wf  rtj^iltng  natural  phenomeno 

being  analogous  to  that  wliSdi  1  b«r«  in  this  Essay,  and  for 

many  years,  advocated,  vix.  U>  SvM  physical   science    as 

.  much  as  posrible  of  liyputlietw;  fiuide,  ethers,  latent  entities, 

t  qualities,  &c.     Jly  own  aottou  of  the  heat  protliifid 

Y  chemical  eombinaiion,  thougJi  I  afiwaely  dare  venture  nn 

Q  upon  a  subject  so  controverted,  is,  that  it  ia  analogous 

0  the  heat  of  friction,  that  the  pttrlide*  of  matter  in  riose 

^tproximation  and  rapid  motion  inier  te  vvcAve  heat  as  a  con- 

r  tiinalion  of  the  motion  interrupted  by  the  friction  or  intnufi- 

nal  motion  of  the  particles:  heat  would  tUos  be  proihiced, 

whether  the  resulting  compound  were  of  greater  or  less  bulk 

than  the  sum  of  the  components,  thnugh  of  coarse  when  the 

compound  is  of  greater  bulk  less  beat  would  he  apparent  in 

Bighbouring  bodies,  the  expansion  taking  place  in  one  of  tha 

tnbstances  themsekes — 1  say  in  one  of  them,  for  it  is  st^t«il 
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in  1)001(3  of  author!^  that  there  ia  no  inetance  of  two  or  mora 
solida  or  liquids,  or  a  solid  aud  a.  liquid,  combining  and  pro- 
ducing a  compound  which  is  entirely  gnaeooa  at  ordinary 
temperatures  and  presaurea.  The  aubatance  gun-cotton,  how- 
ever, discovered  by  Dr.  Schoenbein,  very  nearly  realises  this 
proposition. 

Dr.  Andrews  haa  arrived  at  the  conclusion,  after  careful 
experiment,  that  in  chemical  combinations  where  acids  and 
alkalies  or  analogous  substances  are  employed,  the  amount  of 
heat  produced  is  determined  by  the  basic  ingredient,  and  hia 
experiments  haye  received  general  aasent ;  although  it  should 
be  stated  that  M.  Hess  arrived  at  contrary  results,  the  acid 
constituent  according  to  his  experiments  luraishing  the  meas- 
ure of  the  heat  developed. 

Light  is  directly  produced  by  chemical  action,  as  in  the  flash 
of  gunpowder,  the  burning  of  phosphorus  in  oxygon  gas,  and  all 
rapid  combustions:  indeed,  wherever  intense  heat  is  developed, 
light  accompaniea  it.  In  many  eases  of  slow  combustion, 
Buch  as  the  phenomena  of  phosphorescence,  the  light  is  apparent- 
ly much  more  intense  than  the  heat ;  the  former  being  obvious, 
the  latter  so  difficult  of  detection  that  for  a  long  time  it. was 
a  question  whether  any  heat  was  eliminated ;  and  I  am  not 
aware  that  at  the  present  day,  any  thermic  effects  from  cet> 
tain  modes  of  phosphorescence,  such  as  those  of  phospho- 
rescent wood,  putrescent  fish,  &c.,  have  been  detected. 

Chemical  action  produces  magnetism  whenever  it  is  thrown  ■ 
into  a  definite  direction,  as  in  the  phenomenon  of  electrolysis. 
I  may  adduce  the  gas  voltaic  battery,  as  presenting  a  simple 
instance  of  the  direct  production  of  magnetism  by  chemical 
synthesis.  Oxygen  and  hydrogen  in  that  combination  chemi- 
cally unite  ;  but  instead  of  combining  by  intimate  molecular 
admixture,  as  in  the  ordinary  cases,  they  act  upon  water,  i.  e, 
combined  oxygen  and  hydrogen,  placed  between  them  so  as 
t3  produce  a  line  of  chemical  action  ;  and  a  magnet  adjacent 
to  this  line  of  action  is  deflected,  and  places  itself  at  right 
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■nglcB  to  it.  TVliat  a  chaia  of  molecnlee  does  h«v,  there 
csn  be  no  doabt  all  the  molecules  enleriiig  into  combinatioa 
wonld  prodnce  in  ordinary  cbeinical  actioas ;  but  in  eut-h 
cases,  the  directtoii  of  the  lines  of  combination  being  irregu- 
lar and  eonftiBed,  there  is  no  general  reaaltani  by  which  the 
magnet  can  be  afiectcd. 

What  the  eiact  nature  of  the  transference  of  chemical 
power  across  an  electrolyte  is,  we  at  present  know  not,  nor 
can  we  form  any  more  definite  idea  of  it  than  that  ^vea  by 
the  theory  of  Grottlius.  We  Lave  no  knowledge  as  to  the 
exact  nature  of  uiy  mode  of  chemical  action,  and,  for  the 
present  must  leave  it  as  an  obscure  action  of  force,  of  which 
future  researches  may  einipliiy  our  apjn^bension. 

We  have  seen  that  an  equivalent  or  proportionate  electri- 
cal  effect  is  produced  by  a  given  'amount  of  chemical  action ; 
if  we,  in  turn,  produce  faeat  and  magnetism  and  motion  by 
the  electricity  resulting  from  chemical  action,  we  shall  be  able 
to  measure  these  forces  far  more  accurately  than  when  lliey 
ore  directly  produced,  and  thus  to  deduce  Iheir  equivalent  re- 
lation to  the  initial  chemical  action.  Thus  M,  Favre,  after 
ascertaining  the  quantity  of  heat  produced  by  lie  oxidation 
of  a  quantity  of  zinc,  and  finding,  as  have  others,  tliat  the 
heat  is  the  same  when  evolved  fi-om  a  voltaic  battery  by  the 
same  consumption  of  zinc  forming  its  positive  element,  makes 
the  following  experiment. 

A  voltaic  battery  and  electro-magnet  are  immersed  in  cal- 
orimeters, and  the  heat  produced  when  the  connection  with 
the  magnet  is  effected  is  noted. 

The  elevtro-magnet  is  then,  made  to  raise  a  weight,  and 
thus  perform  mechanical  work,  and  the  beat  produced  is 
ng^  noted.  It  is  found  in  the  latter  caae  that  less  heat  is 
evolved  than  in  the  former,  a  certain  quantity  of  heal  has 
iberefore  been  replaced  by  the  mechanical  work ;  and  by  esti- 
mating the  amount  of  heat  subtracted,  and  the  amount  of 
Vork  pioduced,  he  deduces  the  relative  equivalent  of  work  to 
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heat.  These  experiments  give  a  productioa  of  mechanical 
work  by  ehemical  action,  not,  it  is  true,  a  direct  production, 
hut,  as  the  heat  and  work  are  in  inverse  ratios,  and  each  has 
its  source  in  cliemieal  action,  tliey  prove  that  they  are  definite 
for  a  definite  amount  of  chemical  action,  and  as  each  is  pro- 
duced respectively  by  electricity  and  magnetism,  these  forces 
must  also  bear  a  definite  relation  to  the  initial  chemical  force. 

The  doctrine  of  definite  combining  proportions,  which  so 
beautifully  serves  to  relate  chemistry  to  voltaic  electricity, 
led  to  the  atomic  theory,  which,  though  adopted  in  its  nniver-' 
sality  by  a  large  majority  of  chemists,  preaeafa  great  difficul- 
ties when  extended  to  all  chemical  combinations. 

The  equivalent  ratSos  in  which  a  great  number  of  snb- 
Blances  chemically  combine,  hold  good  in  so  many  instances, 
that  the  atomic  doctrine  is  believed  by  many  to  he  miiversally 
applieahle,  and  called  a  law ;  and  yet,  when  followed  in  the 
combinations  of  substances  whose  natural  chemical  attractions 
are  very  feeble,  the  relation  fades  away,  and  is  songht  to  be 
recovered  by  applying  a  separate  and  arbitrary  multiplier  to 
the  different  cocgtitnents, 

Thus,  when  it  was  fomid  tiat  a  vast  number  of  substancoe 
combined  in  definite  volumes  and  weights,  and  in  definite  vol- 
umes and  weights  only,  it  was  argued  that,  their  ultimata 
molecules  or  atoms  had  a  definite  size,  as  otherwise  there 
was  no  apparent  reason  wliy  this  equivalent  ratio  should  hold 
good :  why,  for  instance,  water  should  only  be  formed  of  two  • 
volumes  or  one  unit  by  weight  of  hydrogen,  and  of  one  vol- 
orae  or  eight  units  by  weight  of  oxygen ;  why,  unless  there 
were  some  ultimate  limits  to  the  divisibitity  of  its  molecules, 
should  not  water,  or  a  fluid  snbsla,nce  approximating  to  water 
in  character,  be  formed  by  a  half,  a  third,  or  a  tenth  part  of 
hydrogen,  with  eight  parts  of  oxygen? 

It  was  perfectly  consistent  with  the  atomic  view  that  a 
Btthstance  might  be  formed  with  one  part  combined  with  eight 
parts,  or  with  sixteen,  or  with  twenty-four,  for  in  such  a  Bub- 
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itance  there  would  be  no  subdivision  of  the  (auppo.sed  indivi- 
EiUle)  molecule  ;  and  this  held  good  with  many  compounds  ■ 
tboH  fourteen  parts  by  weight,  aay  grains  of  nitrogen,  wiD 
combine  respectively  with  eight,  sixteen,  twenty-four,  thiriy- 
two,  and  forty  parts  by  weight,  or  graioa,  of  oxygen. 

So,  again,  twenty-aeTon  grains  of  iron  will  combine  with 
eight  grains  of  oxygen  or  with  twenty-four  grains,  i,  e.  three 
proportionals  of  oxygen.  No  compound  is  known  in  which 
twenty-seven  grains  of  iron  wiU  combine  with  two  propor- 
tionals or  sixteen  grains  of  oxygen  ;  but  (his  does  not  much 
affect  the  theory,  as  such  a  compound  may  be  yet  discovered, 
or  there  may  be  reasons  at  present  unknown  why  it  cannot  be 
formed. 

But  now  comes  a  dilficulty :  twenty-seven  parts  by  weight 
of  iron  vrill  combine  with  twelve  parts  by  weight  of  oxygen, 
and  twenty-seven  parts  of  iron  will  also  combine  wit"  ten 
and  two-third  parts  of  oxygen.  Thus  if  we  retain  the  unit 
of  iron  we  must  subdivide  the  unit  of  oxygen,  or  if  we  retain 
the  unit  of  oxygon  we  must  subdivide  the  unit  of  iron,  or  we 
must  subdivide  both  by  a  different  divisor.  What  then  be- 
comes of  the  notion  of  an  atom  or  molecule  physically  indi- 
visible? 

If  iron  were  the  only  substance  lo  which  this  difficulty 
applied,  it  might  be  viewed  aa  an  unexplained  exception,  or 
as  a  mixture  of  two  oxides ;  or  recourse  might  bo  had  to  a 
more  minute  subdivision  to  form  the  units  or  equivalents  of 
other  substances  ;  but  numerous  other  substances  fall  under 
a  similar  category ;  and  in  organic  combinations,  to  preserve 
the  atomic  Eomcnclaturo  we  must  apply  a  separate  multipKer 
or  divisor  to  far  the  greater  number  of  the  elementary  con- 
stituents, i.  o.  we  must  divide  that  which  is,  ea  kypolheBt,  indi- 
visible. 

Thus,  to  take  a  more  complex  siibstance  than  any  furmed 
by  the  combination  of  iron  and  oxygen,  let  us  select  the  sub- 
Btance  albumcTi,  composed  of  carbon,  hydrogen,  oilrogen. 
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oxygen,  pboephoruB,  and  Bulphur.  Tn  Ihi^  case  we  mtiat  ei« 
tlier  divido  tbo  atoms  of  phosphorus  aud  sulphur  so  as  to  re- 
duce tliam  to  small  Jractions,  or  multiply  the  atoms  of  the 
other  subatanceB  by  extravagant  numbers  ;  thus  to  preserve 
the  unit  of  one  of  the  constitnents  of  this  substance,  cliemi^ts 
eay  il  is  composed  of  400  atoms  of  carbon,  310  of  bydrogec, 
120  of  oxygen,  50  of  nitrogen,  2  of  sulphur,  and  1  of  phos- 
pboruB.  This  is  a  somewhat  extreme  case,  but  simUar  dii&- 
cull.ies  will  bo  found  in  different  degrees  to  prevail  ^piong  op- 
y;anic  compounds ;  in  very  many  no  constituent  can  be  taken 
es  a  unit  to  which  simple  multiples  of  any  of  the  others  will 
give  their  relative  proportions.  By  the  mode  of  notation 
adopted,  if  any  conceivable  substance  be  selected,  it  could^ 
whatever  be  the  proportions  of  its  constituents,  be  termed 
atomic.  A  solution  of  an  ounce  of  sugar  in  a  pound  of  wa- 
ter, in  a  pound  and  a  half,  ia  a  poimd  and  a  quarter,  in  a 
pound  and  a  tenth,  might  be  expressed  in  an  atomic  form,  if 
we  select  arbitrarily  a  mnlliplier  or  divisor. 

It  is  true  that  in  the  case  of  solution,  different  proportions 
con  be  united  up  to  the  point  of  saturation  without  any  dif- 
ference in  the  character  of  tlie  compound,  though  the  Hame 
may  he  predicated  to  some  extent  of  an  acid  and  an  alkali ; 
but  even  where  tbe  steps  are  sudden,  and  compounds  only 
exist  witb  definite  proportions,  they  cannot,  in  a  multitude  of 
cases,  be  reconciled  with  the  true  idea  of  an  atomic  combina- 
tion, i.  e.  one  to  one,  one  to  two,  &c. 

Although,  therefore,  nature  presents  ns  with  facts  which 
show  that  there  ia  some  restrictive  law  of  combination  which 
in  numerous  coses  limits  the  ratios  in  which  substances  will 
combine,  nay,  further,  shows  many  instances  of  a  proportion 
between  the  combining  weights  of  one  compound  and  those 
of  another  ;  although  she  shows  also  a  remarkable  simplicity 
in  the  combining  volumes  of  numerous  gases,  she  also  ^tbb 
numerons  cases  to  which  the  doctrine  of  atomic  comhinationa 
cannot  fairly  be  applied. 
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That  there  muat  be  Bomethiag  ia  the  constitution  of  mat- 
ter, or  in  the  forces  which  act  on  it,  to  account  for  the  yer 
mltum  manner  in  which  chemical  combinations  take  place,  is 
inevitable  ;  but  the  idea  of  atoms  does  not  seem  satiBfactorilj 
to  account  for  it. 

By  selecting  a  separate  multiplier  or  diviBor,  chemistB 
may  denote  every  comliination  in  terms  derived  from  the 
atomic  theory  ;  but  tbey  have  passed  from  the  original  law, 
which  contemplated  only  definite  multiples,  and  the  very  hy- 
pothetic expressions  of  atoms,  which  the  apparently  simpla 
relations  of  combining  weights  first  led  them  to  adopt,  they 
are  obliged  to  vary  and  to  contradict  in  terms,  by  dividing 
diat  which  their  hypothesis  and  the  expression  of  it  assumed 
to  bo  indivisible. 

While,  therefore,  I  fidly  recognise  a  great  natural  truth 
in  the  definite  ratios  presented  by  a  vast  number  of  chemical 
combinations,  and  in  the  per  sdUum  steps  in  which  nearly  all 
take  place,  I  cannot  accept  as  an  argument  in  favonr  of  an 
atomic  theory,  those  combinations  which  are  made  to  support 
it  by  the  application  of  an  arbitrary  notation. 

A  similar  straining  of  theory  seems  gradually  obtaining 
in  regard  to  the  doctrine  of  compound  radicals.  The  discov- 
ery of  cyanogen  by  Gay-Luasac  was  probably  the  first  in- 
ducement to  the  doctrine  of  compound  radicals ;  a  doctrine 
which  ia  now  generally,  perhaps  too  generally,  received  in 
organic  chemistry.  As,  in  the  case  of  cyanogen,  a  bodj  ob- 
viously compound  discharged  in  almost  all  its  reactions  the 
functions  of  an  element,  so  in  many  other  cases  it  was  found 
that  compound  bodies  in  which  a  great  number  of  elements 
existed,  might  be  regarded  as  binary  combinations,  by  con- 
sidering certain  groups  of  these  elements  as  a  compound  rad- 
ical ;  that  is,  as  a  simple  body  when  treated  of  in  relation  lo 
the  other  complex  substances  of  which  it  forma  part,  and 
only  as  non-elementary  when  referred  to  its  internal  consti" 
totion. 
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Undoubtedly,  by  approxunating  in  theory  the  reactiond  of 
inorganic  and  of  organic  chemistry,  by  keeping  the  mind 
within  the  limits  of  a  beaten  path,  instead  of  allowing  it  to 
wander  through  a  maze  of  isolated  facts,  the  doctrine  of  com- 
pound radicals  has  been  of  service ;  but,  on  the  other  hand, 
the  indefinite  variety  of  changes  which  may  be  rung  upon  the 
composition  of  an  organic  substance,  by  di£ferent  associations 
of  its  primary  elements,  makes  the  binary  constituents  vary 
as  the  minds  of  the  authors  who  treat  of  them,  and  makes 
their  grouping  depend  entirely  upon  the  strength  of  the  anal- 
ogies presented  to  each  individual  mind.  From  this  cause, 
and  horn  the  extreme  license  which  has  been  taken  in  theo- 
retic groupings  deduced  from  this  doctrine,  a  serious  question 
arises  whether  it  may  not  ultimately,  unless  careftdly  re- 
stricted, produce  confusion  rather  than  simplicity,  and  be  to 
tlie  student  an  embarrassment  rather  than  an  assistance. 
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CATALYSIS,  or  the  chemical  action  induced  by  tha 
mere  presence  of  a  foreign  body,  embraces  a  class  of 
facts  which  muBt  considerably  modify  many  of  our  notions  of 
chemical  action :  thns  oxygen  ami  hydrogen,  when  mixed  in 
a  gaseons  stale,  will  remain  unaltered  for  an  indefinite  pe- 
riod ;  bnt  the  introdnction  to  them  of  a  slip  of  clean  plad- 
nom  will  cause  more  or  leas  rapid  combination,  without  being 
in  itself  in  any  respect  altered.  On  the  other  Land,  oxygeu- 
afed  water,  which  is  a  compoimd  of  one  equivalent  of  hydro- 
gen plus  two  of  oiygen,  will,  when  under  a  certain  tfimpera- 
tnre,  remain  perfectly  stable  ;  but  tonch  it  with  platinum  in 
a  stato  of  minute  division,  and  it  is  instantly  decomposed, 
one  equivalent  of  oxygen  being  set  free.  Here,  again,  tha 
platinum  is  unaltered,  and  thus  we  have  synthesis  and  analy- 
sis effected  apparently  hy  the  mere  coatacj  of  a  foreign  body. 
It  is  not  improbable  that  the  increased  electrolytic  power  of 
water  by  the  addition  of  some  acids,  such  as  the  sulphuric 
and  phosphoric,  where  the  acids  themselves  are  not  decom- 
posed, depends  upon  a  catalytic  effect  of  these  acids  ;  hut  we 
know  too  little  of  the  nature  and  rationale  of  catEilyais  to  ex- 
press any  confident  opinion  on  its  modes  of  action,  and  pos- 
sibly we  may  comprehend  very  different  molecular  actions 
under  one  and  the  same  name.  In  no  case  does  catalysis 
yield  us  new  power  or  force  :  it  only  determines  or  facilitatee 
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tlie  action  of  chemical  force,  and,  tbereforc,  is  no  creation  of^ 
force  by  contact. 

The  force  bo  developed  by  catalysis  may  be 
into  a.  voltaic  form  tbus :  in  a  single  pair  of  the  gas  batti 
abcve  alluded  to,  one  portion  of  a  strip  of  plutiatim  is  im- 
mersed in  a  tube  of  oxygen,  the  other  in  one  of  hydrogen, 
both  the  gasee  itnd  the  extremities  of  the  plutiaum  being  con- 
nected by  water  or  other  electrolyte  ;  a  voltaic  combination 
is  thuE  formed,  and  electricity,  heat,  light,  magnetism,  and 
motion,  produced  at  the  will  of  the  experimonti 

In  tbis  combioation  we  Iiave  a  strikin; 
relative  expansions  and  eonttaotions,  analogous,  though  ii 
much  more  refined  form,  to  the  expansions  and  contractions 
by  heat  and  cold  detailed  in  the  early  part  of  this  essay,  and 
illustrated  by  the  alternations  of  two  bladders  partially  filled 
■wilh  air ;  tbus,  as  hy  the  effect  of  chemical  combinatioa  in 
each  pair  of  tubes  of  the  gas  battery  the  gases  oxygea  and 
hydrogen  lose  their  gaseous  character  and  shrink  into  water, 
so  at  the  platinum  terminola  of  the  battery,  when  u 
in  water,  water  is  decomposed,  and  expands  into  oxygen  and 
hydrogen  gases.  The  correlate  of  the  force  which  changes 
gas  into  liquid  at  one  point  of  space,  changes  liquid  into  gas 
at  another,  and  the  exact  volume  which  disappi 
one  place  reappears  in  the  other ;  so  that  it  would  appear  to 
an  inexperienced  eye  as  tbou^  the  gases  passed  throng 

Gravitation,  inertia,  and  aggregation,  were  but  cnrsorily 
alluded  to  in  my  original  leeturea  ;  their  relation  to  tbo  othec 
modes  of  force  seemed  to  be  less  definitely  traceable  ;  but  tbo^, 
phenomenal  effects  of  gravitation  and  inertia,  being  motion, 
and  resistance  to  motion,  in  considering  motion  I  haT6  in. 
eome  degree  included  their  relations  to  the  other  forces. 

To  my  mind  gravitation  would  only  produce  other  force,, 
when  the  motion  caused  by  it  ceases.  Thus,  if  we  snppoaa.. 
a  meteor  to  be  a  masa  rotating  in  an  orbit  round  the 
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I  with,  no  reaiatinif  medium,  then,  aa  long  as  that  rotation 
continues,  tlio  motion  of  the  melfioric  mass  itself  would  be 
the  exponent  of  the  force  impelling  it ;  if  there  he  a  resists 
ing  medium,  part  «f  this  motion  would  he  arrested  and  tokea 
up  by  the  medioia,  either  aa  motion,  heat,  electricity,  or  some 
other  mode  of  force  ;  if  the  meteor  approach  the  earth  sulB- 
ciently  to  fall  upon  it,  the  perceptible  motion  of  the  meteo' 
is  stopped,  but  is  taken  np  by  the  earth  which  vibrate* 
through  its  mass ;  part  also  reappears  as  heat  in  both  earth 
and  meteor,  and  part  in  the  change  in  the  earth's  position 
consequent  on  its  increase  of  gravity,  and  so  on.  Gravita- 
tion is  but  the  suhjective  idea,  and  its  relation  to  other  modes 
of  force  seems  to  me  to  be  identical  with  that  of  pressure  or 
motion.  Thus,  when  arrested  motion  produces  heat,  it  mat- 
ters not  whether  the  motion  has  been  produced  by  a  falling 
body,  i.  e.  by  gravitation,  or  a  body  projected  by  an  explo- 
aive  compound,  &c. ;  the  heat  will  be  the  same,  provided  the 
mass  and  voloci^  at  the  time  of  arrest  be  the  same.  In  no 
other  seuBO  can  I  conceive  a  relation  between  gravitation  and 
the  other  forces,  and,  with  all  diffidence,  I  cannot  agree  vrith 
those  who  seek  a  more  myeterions  lint. 

MoBOtti  has  matherantieally  treated  of  the  identity  of 
gravitation  with  cohesive  aCtraction,  and  Pliicker  has  recently 
BQcceeded  in  showing  that  crystalline  bodies  are  definitely  af- 
fected by  magnetism,  and  take  ft  position  in  relation  to  the 
lines  of  magnetic  force  dependent  upon  their  optical  axis  or 
axis  of  symmetry. 

What  is  termed  the  optic  axis  is  a  tixed  direction  through 
crystals,  in  which  they  do  not  doubly  refract  light,  and  which 
direction,  in  those  crystals  which  have  one  a™  of  figure,  or 
a  line  around  which  the  figure  is  symmetrical,  is  parallel  to 
the  axis  of  symmetry.  When  submitted  to  magnetic  infiu- 
ence  such  crystals  take  np  a  position,  so  that  their  optic  axis 
points  diamagnetieally  or  transversely  to  the  lines  of  magnetic 
-fercB ;  and  when,  as  is  the  case  in  some  crystals,  there  is 
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more  than  one  optic  axia,  the  resultant  of  these  axes  points 
diamagnetically.  The  mineral  eyanite  is  influenced  by  ma^ 
netisia  is  eo  marked  a  manner  that  when  suspended  It  will 
arrange  itself  definitely  with  reference  to  the  direction  of  ter- 
reatrial  m^gueiiBm,  and  may,  according  to  Flflcker,  be  used 
as  a  compass-needle. 

There  is  scarcely  any  doubt  that  the  force  which  is  con- 
cerned in  aggregation  is  the  same  which  gives  to  matter  ite 
crystaUine  form ;  indeed,  a  vast  number  of  iuorganic  bodies, 
if  not  all,  which  appear  amorphous  are,  when  closely  exi 
ined,  found  to  be  crystalline  in  their  structure ;  we  thua  get  a 
reciprocity  of  action  between  the  force  which  unites  the  mole- 
cules of  matter  and  the  magnetic  force,  and  through  (he  a 
dium  of  the  latter  the  correlation  of  the  attraction  of  aggrfr  ' 
gatiou  with  the  other  modes  of  force  may  be  established. 

I  believe  that  the  same  principles  and  mode  of  reaaonjog 
as  have  been  adopted  in  this  essay  might  be  applied  to  the 
organic  as  well  as  the  inorganic  world ;  and  that  muscular 
force,  animal  and  vegetable  heat,  &c.,  might,  and  at  si 
time  will,  be  shown  to  have  similar  definite  correlations  j  but  I 
have  purposely  avoided  this  subject,  as  pertaining  to  a  depart- 
ment of  science  to  which  I  hove  not  devoted  my  attention. 
I  ooght,  however,  while  alluding  to  this  subject,  shortly  to 
mention  some  esperiments  of  Professor  Matteucci,  communi- 
cated to  the  Royal  Society  in  the  year  1850,  by  which  it  ap- 
pears that  whatever  mode  of  force  it  be  which  is  propagated 
along  the  nervous  filaments,  this  mode  of  force  is  definitely 
affected  by  currents  of  electricity.  Hia  esperiments  shov 
that  when  a  current  of  positive  electricity  traverses  a  portion 
of  the  muscle  of  a  living  animal  in  the  same  direction  as  that 
■  in  which  the  nerves  ramil'y — i.  e.  a  direction  from  the  brtua 
to  the  extremities — a  muscular  contraction  is  produced  in  tha 
limb  experimented  on,  showing  that  the  nerve  of  motioi 
affected ;  while,  if  the  current,  as  it  is  termed,  be  made  to 
traverse  the  muscle  in  the  reverse  direction,  or  towards  the 
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tiervoiis  centres,  the  animal  otters  cries,  and  exhibits  all  the 
indications  of  snffcrisg  pain,  scarcely  any  muecolar  move 
meat  being  produced ;  showing  that  in  iliii  cose  the  nervea 
of  sensation  are  afi&ctod  b^  the  electric  current,  and  therefore 
that  some  defioite  polar  cooditiou  exists,  or  is  induced,  in  the 
nerves,  to  which  electricity  is  correlated,  and  that  probably 
this  polar  condition  coaatitutes  nervous  agency.  There  are 
other  analogies  given  in  the  papers  of  M.  Matteueci,  and  de- 
rived from  the  action  of  the  electrical  organs  of  fishes,  which 
tend  to  corroborate  and  develope  the  same  view. 

By  an  application  of  the  doctrine  of  the  Correlation  of 
Forces,  Dr.  Carpenter  has  shown  how  a  difiicully  arising 
from  the  ordinary  notions  of  the  developement  of  an  organised 
being  from  its  gcrm-cell  may  be  lessened.  It  has  been 
thought  by  many  physiologists  that  the  nieus  formativus,  or 
organising  force  of  an  aoimal  or  vegetable  structure,  lies  dor- 
mant in  the  primordial  genu-ccU.  '  So  that  the  organising 
force  required  to  build  up  an  oak  or  a  palm,  an  elephant  or  a 
whale,  is  concentrated  in  a  minute  particle  only  discernible 
by  microscopic  aid.' 

Certain  other  views  of  nearly  equal  difficulty  have  been 
proponnded.  Dr.  Carpenter  suggests  the  probability  of  es- 
traneous  forces,  as  heat,  light,  and  chemical  affinity,  contin- 
uously operating  upon  the  material  germ ;  so  that  all  that  is 
required  in  this  is  a  structure  capahle  of  receiving,  directing, 
and  converting  these  fortes  into  those  which  tend  to  the  assim- 
ilation of  oxtraneous  matter  and  the  definito  developement  of 
the  particular  atmcture.  In  proof  of  this  poaition  he  shows 
how  dependent  the  process  of  germ  developement  ia  upon  the 
presence  and  agency  of  external  forces,  particnlorly  heat  and 
light,  and  how  it  ia  regulated  by  the  measure  of  these  forces 
supplied  to  it. 

It  certainly  is  far  leas  difficult  so  to  conceive  the  supply 
of  force  yielded  to  organised  beings  in  their  gradual  procesa 
of  growth,  than  to  suppose  a  store  of  dormant  or  latent  forca 
pent  up  in  a  microBcopiu  monad. 


Aa  by  the  artificial  atmctnre  of  a  voltaic  battery,  chemi- 
cal actions  may  be  made  to  cooperate  in  a  definite  direction, 
BO,  by  the  organism  of  a  Tegetable  or  animal,  the  mode  o 
motion  which  conBtitutcB  heat,  light,  &c.,  may,  without  extra* 
vagance,  be  concoiTed  to  be  appropriated  and  changed  Into  . 
the  forces  which  induce  the  absoqition,  and  assimilation  of  i 
nutriment,  and  info  nervous  agency  and  muscular  power. 
Indications  of  similar  thoughts  maybe  detectedin  the  writings 
of  Liebig. 

Some  difficulty  in  studying  the  correlations  of  vital  iriA 
inorganic  phy^jical  forces  arises  fil'om  the  efiects  of  sensation  I 
and   conscionsncsB,    presenting  a  similar  confusion  to  that  | 
alluded  to,  when,  in  treating  of  heat,  I,ventured  to  suggest,  I 
that  obaer^'ers  are  too  apt  to  confound  the  sonsalions  with  the 
phenomena.     Thus,  to  apply  some  of  the  considerationa  on 
force,  given  in  the  introductory  portion  of  this  essay,  to  cases   ' 
where  vitality  or  consciousness  intervenes.     When  a  weight 
is  raised  by  the  hand,  there  should,  according  to  the  doctrine 
of  non-creation  of  force,  have  been  somewhere  an  espondilnre 
equivalent  to  the  amount  of  grayilatioo  overcome  in  raising 
the  weight.     That  there  is  expenditure  we  can  prove,  though 
in  the  present  state  of  science  we  cannot  measure  it.     Thus, 
prolong  the  effort,  raise  weights  ibr  an  hour  or  two,  the  vital 
powers  sink,  food,  i,  e.  fresh  chemical  force,  is  required  to 
supply  the  exhaustion.      If  this   supply  is  withheld  and  the 
exertion  is  continued,  we  see  the  consumption  of  force  in 
the  supervening  weakness  and  emaciation  of  the  body. 

The  consciousness  of  effort,  which  has  formed  a  topic  of 
argument  by  some  writers  when  treating  of  force,  and  is  by 
them  believed  to  be  that  which  has  originated  the  idea  of 
force,  may  by  the  physical  student  be  regarded  as  feeling  is 
in  the  phenomena  of  heat  and  cold,  viz.  a  sensation  of  tha 
struggle  of  opposing  molecular  motions  ia  overcoming  the 
rosiatance  of  the  masses  to  be  moved.  When  we  say  we  fed 
hot,  we  feel  cold,  we  feel  that  we  are  exerting  ourselves,  our 
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are  intelli^le  to  beings  who  arc  capable  uf  cs.- 
pericncmg  similar  eeneatioiiB ;  but  the  physical  changiii 
sccompanjin^  these  senealiona  are  noL  thereby  esplainetl. 
WithoQl  preleuiling  to  know  what  probably  wo  shall  never 
know,  the  actual  modits  agendi  of  the  brain,  nerrea,  muai-les, 
Ac,  we  may  study  vital  as  we  do  iaorganiu  phenomena,  both  by 
cbservation  and  experiment.  Thus,  Sir  Benjamin  Brodie  1ul9 
examined  the  eifect  of  respiration  on  animal  heat  by  inducing 
artificial  respiration  afler  the  spinal  cord  has  been  severed ; 
in  which  case  he  finds  the  animal  heat  declines,  notwith- 
standing the  continuance  of  the  chemical  action  of  respiration, 
carbonic  acid  being  formed  as  usual ;  but  he  also  finds  that 
imder  such  circumstances  the  struggles  or  muscular  actions 
of  the  animal  are  very  great,  and  sufiicient  probably  to  ac- 
cotmt  for  the  force  eliminated  by  the  chemical  action  in 
digestion  and  respiration ;  and  Liebig,  by  measuring  the 
amount  of  cbcnueal  action  in  digestion  and  respiration,  and 
comparing  it  with  the  labour  performed,  has  to  some  extent 
established  their  equivalent  relations. 

Mr.  Helmholtz  has  found  that  the  chemical  changes  which 
lake  place  in  muscles  are  greater  when  these  are  made  to 
undergo  contractions  than  when  they  arc  in  repose  ;  and  that, 
as  would  be  espected,  tlie  consumption  of  the  matter  of  the 
muscles,  or,  in  other  terms,  the  waste  or  escrementitlous 
matter  thrown  off,  is  greater  in  the  former  than  in  the  lattM 


M.  Matteucci  has  ascertained  that  the  muscles  of  recently 
killed  frogs  absorb  oxygen  and  exhale  carbonic  acid,  and  that 
when  they  are  thrown  into  a  state  of  contraclion,  and  still 
more  when  tbey  perform  mechanical  work,  the  absorption  is 
;  and  he  eveu  calculates  the  equivaleuta  of  work  so 


M.  Beclard  finds  that  the  quantity  of  heat  produced  by 

voluntary  muaeular  contraction  in  man  is  greater  when  that 

'  fioutraction  is  what  he  terms  static,  that  is,  when  it  produces 
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no  estemal  work,  but  ia  effort  alone,  tliaa  when  that  effort'* 
and  contractiDn  are  employed  dynamicBllj,  so  as  to  raise  ftg 
weight  or  produce  mcchanieal  work, 

Thua,  though  we  may  see  no  present  promise  of  beinf  B 
able  to  resolve  aenaations  into  their  ultimate  elements,  ( 
trace,  physically,  the  link  which  uuitcs  volition  with  exertion  I 
or  effort,  in  terma  of  our  own  consciousness  of  it,  wo  mayj 
hope  to  approsimatfi  the  solution  of  these  deeply  intereating  I 

In  tlie  same  individual  the  chemical  and  physical  state  of  * 
the  secretions  in  the  warm  may  bo  compared  with  those  in 
the   cold  partfl  of  the  body.     The  changes  in  digestion  and 
respiration,  when  the  body  is  in  a  state  of  rest,  may  be  com-.  J 
pared  with  those  which  obtain  when  it  is  in  a  state  of  activityifl 
The  relations  with  external  matter,  mainlaining,  by  the  c 
staat  play  of  natural  forces,  the  vital  nucleus,  or  the  organ 
sation  by  means  of  which  matter  and  force   receiv 
definite  period,  a  definite  incorporation  and  direction,  may  b 
ascertained,  while  the  more  minute  structural  changes  areS 
revealed  to  na  by  the  ever-improving  powers  of  the  micro-  I 
Bcope  ;  and  thus  step  by  step  we  may  learn  that  which  H  it 
given  to  us  to  learn,  boundless  in  its  range  and  infinite  in  its 
progress,  and  therefore  never  giving  a  response  to  the  ultimate 
—Why? 

As  the  first  glimpse  of  a  new  star  is  caught  by  the  eye  of  . 
the  astronomer  while  directing  his  vision  to  a  difierent  poinM 
of  space,  and  disappears  when  steadfastly  gazed  at,  only  U 
have  its  position  and  figm-e  ultimately  ascertained  by  the  e. 
ployment  of  more  penetrative  powers,  so  the  first  scintillationffl 
of  new  natural  phenomena  frequently  present  themselves  to 
the  eye  of  the  observer,  dimly  seen  when  viewed  askance, 
and  disappearing  if  directly  looked  for.     When  new  powera  J 
of  thought  and  experiment  have  developed  and  corroded  IhoJ 
first  notions,  and  given  a  character  to  the  new  image,  probwfl 
bly  very  different  from  the  first  impression,  &esh  objects  a 
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again  glanced  at  in  the  margin  of  the  new  field  of  vision, 
which  in  their  torn  have  to  be  venfied,  and  again  lead  to 
new  extensions ;  thns  the  effort  to  establish  one  observation 
leads  to  the  imperfect  perception  of  new  and  wider  fields  of 
research;  an3,  instead  of  approaching  finality,  the  more 
we  discover,  the  more  infinite  appears  the  range  of  the  nndia- 
eoveredl 


IX.— CONCLUDING  EEM.ARKS. 

I  HAVE  now  gone  tlirough  the  affections  of  matter  f 
which  distinct  names  have  been  given  in  our  received 
nomenclature  ;  that  olher  forces  may  he  detected,  differing  at 
much  from  them  oa  tley  differ  from  each  other,  is  highly 
probahJe,  and  ttat  when  discovered,  and  their  modes  of 
action  fiilly  traced  ont,  they  will  be  found  to  be  related  irUer 
ee,  and  to  these  forces  as  these  are  to  each  other,  I  believe 
to  be  as  far  certain  aa  certainty  can  be  predicted  of  any  iViturg 

It  may  in  many  cases  be  a  difficult  question  to  determine 
what  constitntes  a  distinct  afTection  of  matter  or  mode  of 
force.  It  is  highly  probable  that  different  lines  of  demarca 
tion  would  have  been  drawn  between  the  forces  already 
known,  had  they  been  discovered  in  a  different  manner,  or 
first  observed  at  different  points  of  the  chain  which  connecla 
them.  Thus,  radiant  heat  and  light  are  mainly  distinguished 
by  the  manner  in  which  they  afiect  our  seoBea:  were  they 
viewed  according  to  tie  way  in  which  they  affect  inorganio 
matter,  very  different  notions  would  possibly  be  entertained 
of  their  character  and  relation.  Electricity,  again,  waa 
named  froni  the  substance  in  which,  and  magnetism  from  Iha 
district  where,  it  first  happened  to  be  observed,  and  a  chain 
of  mtermediate  phenomena  have  so  connected  electricity  with 
galvanism  tliat  they  are  now  regarded  aa  the  same  force, 
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iifermg  only  in  the  degree  of  its  intenBity  and   quantity. 
|!lioti<;!i  for  a  long  time  they  were  regarded  as  distinct. 

The  phenomenon  of  attraction  and  repulsion  by  amhcr. 
which  originated  the  term  eleiitricity,  is  as  unliho  that  of  the 
■decomposition  of  water  by  the  voltaic  pile,  as  any  two  natural 
I  phenomena  can  well   be.     It  is  only  because  the  historical 
I  Beqnence  of  scientific  discoveries  has  associated  them  by  a. 
\  number  of  intermediate  linfca,  that  they  are  classed  under  the 
Eame  category.       What   is  called  voltaic  electricity  might 
equally,  perhaps  more  appropriately,  be  called  voltaic  chemis- 
try.    I  mention  those  facts  to  show  that  the  diatinetioa  in  the 
name  may  frequently  be  much  greater  than  the  distinction  of 
the  subject  which  it  represents,  and  vice  versA,  not  as  at  all 
objecting  to  the  received  nomenclature  on  these  points ;  nor 
dti  I  say  it  would  be  advisable  to  depart  from  it :  were  we  to 
do   so,    inevitable    confusion   would    result,   and   objections 
equally  forcible  might  be  found  to  apply  to  om-  new  termi- 
nology. 

Words,  when  established  tio  a  certain  point,  become  a 
port  of  the  social  mind ;  its  powers  and  very  existence  de- 
)nd  npoa  the  adoption  of  conventional  symbols  ;  and  were 
i  fluddenly  departed  from,  or  varied,  according  to  indivi- 
d  apprehensions,  the  acquisition  and  transmission  of  knowl- 
1  would  cease.  Undoubtedly,  neology  is  more  permiasi- 
a  piiysical  science  than  in  any  other  branch  of  knowledge, 
ise  it  is  more  progressive ;  new  facts  or  new  relations 
[re  new  names,  but  even  here  it  should  be  used  with  great 


Si  forte  neoesse  est 
lodiciis  moustrare  recentibns  abditn  rerura, 
Fingera  oinotntis  non  esaudita  Oethegis, 
Oontinget ;  dabitiirque  licontia,  sumpta  pudecter. 

t  Even  should  the  mind  ever  be  led  to  dismiss  the  idea  of 
iooB  forces,  and  regard  them  as  the  exertion  of  one  force, 
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I  HAVE  now  gone  through  the  affections  of  matter  for 
TCluch  distinct  names  have  been  given  in  our  reueived 
nomenclature :  that  other  forces  may  lie  detected,  differing  as 
much  from  them  aa  they  differ  from  each  other,'  ia  highly 
prohahle,  and  that  when  discovered,  and  their  modes  of 
action  fully  traced  out,  they  will  be  found  to  be  reloted  inter 
te,  and  to  these  forces  as  these  are  to  each  other,  I  believo 
to  be  as  far  certain  as  certainty  can  be  predicted  of  any  iiitara 
event. 

It  may  in  many  cases  be  a  difEcnlt  question  to  determine 
what  eoEStitntea  a  distinct  affection  of  matter  or  mode  o 
force.  It  is  highly  probable  that  different  lines  of  demarca 
tion  would  have  been  drawn  between  the  forces  already 
known,  had  they  been  discovered  in  a  different  manner,  i 
first  obserred  at  different  points  of  the  chiun  which  connects 
them.  Thus,  radiant  heat  and  Ught  are  mainly  distiogoished 
by  the  manner  in  which  they  affect  our  senses ;  were  they 
viewed  according  to  the  way  in  which  they  affect  inorganic 
matter,  very  different  notions  would  possibly  be  entertained 
of  their  character  and  relation.  Electricity,  again,  was 
named  from  the  substance  in  which,  and  magnetism  from  the 
district  where,  it  first  happened  to  be  observed,  and  a  chain 
of  intermediate  phenomena  have  so  connected  electricity  with 
galvanism  tliat  they  arc  now  regarded  as  the  same  force, 
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;  only  in  the  degree   of  tta  intensify  and    quantity. 
Jioogh  for  a  long  time  they  were  regarded  as  dietinct. 

The  phenomenon  of  attraction  and  repulsion  by  amber, 
(vhich  originated  the  term  ekctricity,  ia  as  unlike  that  of  tha 
■  decomposition  of  water  by  the  voltaic  pile,  as  any  two  natural 
I  phenomena  can  well  be.  It  ia  only  because  the  historical 
I  ecquence  of  scientific  diacoreriea  has  associated  them  by  a 
mmiber  of  intermediate  links,  that  they  are  classed  under  the 
same  category.  "What  is  called  volliuc  electricity  might 
equally,  perhaps  more  appropriately,  be  called  voltaic  chemis- 
try. I  mention  these  facts  to  show  that  the  distinction  in  the 
name  may  ti-equently  be  much  greater  than  the  distinction  of 
the  subject  which  it  represents,  and  vice  versS,  not  as  at  all 
objecting  to  the  received  nomenclature  on  these  points  ;  nor 
do  I  say  it  would  be  advisable  to  depart  from  it :  were  we  to 
do  so,  inevitable  confusion  would  result,  and  objections 
equally  forcible  might  be  found  to  apply  to  our  new  termi- 
nology. 

Words,  when  established  to  a  certain  point,  become  a 
part  of  the  social  mind ;  its  powers  and  very  e 
pend  upon  the  adoption  of  conventional  symbols ;  and  n 
these  suddenly  departed  from,  or  varied,  according  to  indivi- 
dual apprehensions,  the  acquisition  and  transmission  of  knowl- 
edge would  cease.  Undoubtedly,  neology  is  more  permissi- 
ble in  physical  science  than  in  any  other  bmnch  of  knowledge, 
because  it  is  more  progressive ;  new  facts  or  new  relatior 
require  new  names,  but  even  here  it  should  he  used  with  great 
tautioD. 


Si  forte  necesE 
Indicils  monstrore  recontibuB  abdita  n 
Fingere  cinotntis  non  eiaudita  C 
Oontinget;  dabitorqiie  licentia,  sumpta  pudenter. 


1  should  the  mind  ever  be  led  to  dismiss  the  idea  of 
ions  forcoa,  and  regard  them  as  the  esertion  of  one  force, 
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I  HAVE  now  gone  tlirough  the  affections  of  matter  for 
which  distiact  names  have  been  givea  in  our  received 
nomenclature ;  that  other  forces  may  he  detected,  differing  aa 
much  from  them  as  they  differ  from  each  other,'  is  Mghly 
probahle,  and  that  when  discovered,  and  their  modes  of 
action  fully  traced  out,  they  will  be  found  to  be  related  inter 
se,  and  to  those  forces  as  these  are  to  each  other,  I  believe 
to  be  as  far  certain  as  certainty  can  be  predicted  of  any  futnre 
evSnt. 

It  may  in  many  cases  be  a  difficult  question  to  determine 
vrbat  constitutes  a  distinct  affection  of  matter  or  mode  of 
force.  It  is  highly  probable  that  different  lines  of  demarca 
tion  would  have  been  drawn  between  the  forces  already 
known,  had  they  been  discovered  in  a  different  manner,  or 
first  observed  at  different  points  of  the  chain  which  connects 
them.  Thus,  radiant  heat  and  light  are  mainly  distinguished 
by  the  manner  in  which  they  affect  our  senses :  were  they 
viewed  according  to  the  way  in  which  they  affect  inorgaaio 
matter,  very  different  notions  would  possibly  be  entertained 
of  their  character  and  relation.  Electricity,  again,  waa 
named  from  the  substance  in  wliich,  and  magnetism  from  tha 
district  where,  it  first  happened  to  be  observed,  and  a  i-bti'n 
of  intermediate  phenomena  have  SO  connected  electricity  with 
galvanism  tliat  they  are  now  regarded  aa  the  same  force, 
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;  only  in  the  degree  of  ifa  intemiitj-  and  quantity. 
Qioagh  for  a  long  time  they  were  regarded  as  distinct. 

The  phenomenon  of  attraction  and  repulsion  by  ambor. 
■which  originated  the  term  electricity,  ia  as  nnlike  that  of  the 
decomposition  of  water  by  the  voltaie  pile ,  as  any  two  natural 
phenomena  can  well  be.  It  is  only  beeauae  the  historical 
BeqncQce  of  scientific  diBcoveries  has  associated  them  by  a. 
Dumber  of  intermediate  links,  tiiat  they  are  classed  under  tlio 
eame  category.  What  is  called  voltaic  electricity  miglit 
equally,  perhaps  more  appropriately,  be  called  voltaic  chemis- 
try. I  mention  these  facts  to  show  that  the  distinction  in  the 
name  may  frequently  be  much  greater  than  the  dlalinction  of 
tiie  subject  which  it  represents,  and  vice  versA,  not  as  at  all 
objecting  to  the  received  nomenclature  on  these  points ;  nor 
do  I  say  it  would  be  advisable  to  depart  from  it :  were  we  to 
"do  so,  inevitable  confusion  would  result,  and  objections 
equally  forcible  might  be  found  to  apply  to  our  new  termi- 
Bology. 

Words,  when  established  to  a  certain  point,  become  a 
part  of  the  social  mind ;  its  powers  and  very  existeucc  de- 
pend upon  the  adoption  of  conventional  symbols ;  aud  were 
these  Buddcnly  departed  from,  or  varied,  according  to  indivi- 
dual apprehension B,  the  acquisition  and  trausmissiou  of  knowl- 
edge would  cease.  Undoubtedly,  neology  is  more  permissi- 
ble in  physical  seieuce  than  in  any  other  branch  of  knowledge, 
because  it  is  more  progressive ;  new  facts  or  new  relations 
require  new  names,  but  even  here  it  should  be  used  with  great 
caution. 

Si  forte  nccease  est 
Lidioiia  racnatrnre  rocontibne  abditn  rernm, 
Fingere  cinctotis  non  eiaudita  Cethegis, 
I  •     Oontinget ;  dabitiirqije  lioenria,  Biimpta  pndontar. 

1  should  the  mind  ever  be  ied  to  dismiss  the  idea  of 
1  forces,  and  regai^  them  as  the  exertion  of  one  force, 


IS.— CONCLUDING  REMARKS. 


I  HAVE  now  gone  through  tbe  affections  of  matter  for 
wliicli  distinct  names  have  been  given  in  our  received 
nomcQclature  ;  that  other  forceB  may  be  detected,  differiag  b8 
much  from  them  as  they  differ  from  each  other,  is  highly 
probable,  and  that  when  discovered,  and  their  modes  of 
action  fully  traced  out,  they  will  be  found  to  bo  related  inter 
te,  and  to  these  forces  as  these  are  to  each  other,  I  believe 
to  be  aa  far  certain  as  certainty  can  be  predicted  of  any  future 

It  may  in  many  eases  be  a  difficult  questioi 
what  constitutea  a  distinct  affection  of  matter  or  mode  o£ 
force.  It  is  highly  probable  that  different  lines  of  demarca 
tion  would  have  been  drawn  between  tie  forces  already 
known,  had  they  been  diacovered  in  a  different  manner,  or 
first  observed  at  different  points  of  the  chain  which  connecia 
them.  Thus,  radiant  heat  and  light  are  mainly  distingaislied 
by  the  manner  in  which  they  affect  our  senses :  were  they 
viewed  according  to  the  way  in  which  they  affect  inorganic 
matter,  very  different  notions  would  possibly  be  entertained 
of  their  cliaractcr  and  relation.  Electricity,  again,  waa 
nanied  from  the  subetanco  in  which,  and  magnetism  from  the 
district  where,  it  first  happened  lo  be  observed,  and  a  cluua 
of  intermediate  phenomena  have  so  connected  electricity  with 
galvanism  tliat  they  are  now  regarded  as  th 
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<lifferiiig  only  in  the  degree  of  ifs  intensity  and   quantity. 
thouj;h  for  a  long  time  they  were  regarded  aa  distinct. 

The  phenomenon  of  attraction  and  repulsion  by  amber, 
which  originated  the  term  electricity,  is  aa  unlike  tliat  of  the 
decompoaition  of  water  by  the  voltaic  pile,  as  any  two  natural 
[iheaomcaB  can  well  be.  It  is  only  because  the  historical 
sequence  of  scientific  discoveries  has  associated  them  by  a 
number  of  intermediate  links,  that  they  are  classed  under  the 
Bame  category.  What  is  called  voltaic  electricity  might 
equally,  perhaps  more  appropriately,  be  called  voltaic  chemia- 
by,  I  mention  these  facts  to  show  that  the  distinction  in  the 
name  may  frequently  be  much  greater  than  the  distinction  of 
the  mibject  which  it  represents,  and  vice  versfi,,  not  as  at  all 
objecting  to  the  received  nomenclature  on  these  points ;  nor 
do  I  say  it  would  be  advisable  to  depart  from  it ;  were  we  to 
do  so,  inevitable  confusion  would  result,  and  objections 
equally  forcible  might  bo  found  to  apply  to  our  now  termi- 
nology. 

Words,  when  established  to  a  certain  point,  become  a 
part  of  tie  social  mind ;  its  powers  and  very  existence  de- 
pend upon  the  adoption  of  conventional  symbols ;  and  were 
tlese  suddenly  departed  from,  or  varied,  according  to  indivi- 
dual apprehenaione,  the  acquisition  and  trananiission  of  knowl- 
edge would  cease.  Undoubtedly,  neology  ia  more  permissi- 
ble in  physical  science  than  in  any  otter  branch  of  knowledge, 
>re  progroasive ;  new  facts  or  new  relations 
103,  but  even  here  it  should  be  used  with  great 


require 
caution, 


Bi  forte  necesse  est 
Indiciis  monstrare  recentibua  abdita  rernm, 
Fingere  oinctutia  non  esandita  Octliegia, 
loaliuget;  dabitiirqiie  licentia,  aumpta  pudentar, 

1  should  the  mind  ever  bo  led  to  dismiss  the  idea  of 
forces,  and  regard  them  as  the  exertion  of  one  force, 
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or  resolve  tliom  definilcly  into  motion ;  atill  we  could  n 
avoid  the  use  of  diiferent  conventional  lerma  for  the  different 
modes  of  action  of  this  one  pervading  force. 

Beviewing  the  aeries  of  relations  between  the  Tarioiu 
forces  which  we  have  been  considering,  tt  would  appear  that 
in  many  cases  where  one  of  these  is  excited  or  exists,  all  tba 
othnrs  are  also  set  in  action :  thus,  when  a  suhstance,  au<di  as 
Bulphuret  of  antimony,  is  electrified,  at  the  instant  of  electi> 
Ration  it  becomes  magnetic  in  directions  at  right  angles  to  the 
lines  of  electric  force  ;  at  the  same  time  it  becomes  heated  ta 
an  extent  greater  or  less  accordiug  to  the  intensity  of  the 
electric  force.  If  this  intensity  bo  e;xalted  to  a  certain  point 
the  snlphuret  becomes  luminous,  or  UgM  is  produced :  it 
panda,  consequently  motion  is  produced ;  and  it  is  decomipoaedj 
therefore  chemical  action  is  produced.  If  we  take  another 
substance,  say  a  metal,  all  these  forces  except  the  last  are 
developed;  and  although  we  can  scarcely  apply  the  tonn 
mechanical  action  to  a  substaace  hitherto  undecompoaed,  and 
which,  under  the  circumstances  we  are  considering,  enlora 
into  -no  new  combination,  yet  it  undergoes  that  species  of 
polarisation  which,  as  far  as  we  can  judge,  is  the  first  step 
towards  chemical  action,  and  which,  if  the  substance  * 
decomposable,  would  resolve  it  into  its  elements.  Perhaps; 
indeed,  some  hitherto  undiscovered  chemical  action  is  pnv 
duced  in  substances  which  we  regard  as  undecompoeahle  r 
there  are  experiments  to  show  that  metals  which  have  hoea 
electrised  are  permanently  changed  in  their  molecular  conati> 
tution.  Oxygen,  we  have  seen,  is  changed  by  the  electrio 
spark  into  ozone,  and  phosphorus  into  allotropic  phosphorus 
both  which  changes  were  for  a  long  time  nuknown  to  thoae 
femiliar  with  electrical  science . 

Thtis,  with  some  substances,  when  one  mode  of  force  is 
produced  all  the  others  are  simultaneously  developed.  With, 
other  substances,  probably  with  all  matter,  some  of  the  othei 
forces  are  developed,  whenever  one  is  excited,  and  all  ma/  ba 
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BO  were  the  matter  in  a  suitable  condilioa  for  tlieir  develope- 
ment,  or  our  means  of  detecting  them  sufficiently  delicate. 

This  eimaltaneous  production  of  several  different  forces 
seems  at  first  sight  to  he  irreconcileable  with  their  mutual  and 
necessary  dependence,  and  it  certainly  presents  a  formidable 
experimental  difficulty  in  the  way  of  establishing  their  equiv 
alent  relations-;  but  when  examined  closely,  it  is  not  in 'fact 
inconsistent  with  the  views  we  have  been  considering,  but  is 
indeed  a  strong  argument  in  favour  of  the  theory  which  re 
gards  them  as  modes  of  motion. 

Let  us  select  one  or  two  cases  in  which  this  form  of  ob 
jeclion  may  be  prominently  put  forward.  A  voltaic  battery 
decomposing  water  in  a  voltameter,  while  the  same  ctiiTent 
IB  employed  at  the  siame  time  to  make  an  electro-magnet, 
gives  nevertheless  in  (he  voltameter  an  equivalent  of  gas,  or 
decomposes  an  equivalent  of  an  electrolyte  for  each  equiva- 
lent of  chemical  deeompoaition  in  the  battery  cells,  and  will 
give  the  same  ratios  if  the  electro-magnet  be  removed.  Here, 
at  first  sight,  it  would  appear  that  the  magnetism  was  an  ex- 
tra force  produced,  and  that  thus  more  than  the  equivalent 
power  was  obtained  from  the  battery.  In  answer  to  thia 
objection  it  may  be  said,  that  in  the  circumstaDCoa  under 
which  thia  experiment  is  ordinarily  performed,  several  cells 
of  the  battery  are  used,  and  so  there  is  a  far  greater  amount 
of  force  generated  in  tlie  cells  than  is  indicated  by  the  effect 
in  the  voltameter.  IS,  moreover,  the  magnet  be  not  inter- 
posed, still  the  magnetic  force  is  equally  existent  throughout 
the  whole  current ;  for  instance,  the  wires  joining  the  platws 
will  attract  iron  filings,  deflect  magnetic  needles,  &c.,  and 
produce  diamagnetic  efiects  on  surrounding  matter.  By  the 
iron  core  a  small  portion  of  the  force  is,  indeed,  ahsorlied 
teliUe  it  is  being  made  a  magnet,  Imt  this  ceases  to  be  ab- 
sorbed when  the  magnet  is  made  ;  this  has  been  proved  by 
the  observation  of  Mr.  Latimer  Clarke,  who  has  found  that 
tiong  tiie  wires  of  the  electric  telegraph  the  magnetic  needle* 
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placed  at  diSerent  etations  remained  fixed  aAer  the  connedion  | 
with  the  battery  was  made,  and  while  the  electric  cm 
acted  hy  indnction  on  surrouoding  conducliug  matter,  sepant-  1 
ted  from,  the  wires  by  their  gutta  percha  coaling,  so  that 'a  I 
flort  of  Lejden  phial  was  formed ;  bat  aa  soon  as  this  induo  1 
tion  had  produced  its  effect  between  each  station,  or,  eo  to  J 
epea^,  the  phial  was  ckarged,  the  needles  saccessively  were  1 
deflected :  it  is  like  the  co^e  of  a  pulley  and  weight,  which  lat-  | 
ter  exhausts  force  while  it  is  being  raised ;  but  when  raised, 
the  force  is  free,  and  may  be  nsed  for  other  purposes. 

If  a  battery  of  one  cell,  just  capable  of  decomposing  water 
and  no  more,  be  employed,  this  will  ccaee  to  decompose  whllQ' 
making  a  magnet.  There  must,  in  every  case,  be  prepon- 
derating  chemical  alSnity  in  the  battery  cells,  either  by  tLe 
nature  of  its  elements  or  by  the  reduplication  of  series,  to 
eHect  decomposition  in  the  voltameter ;  and  if  the  point  is 
just  reached  at  which  this  is  effected,  and  the  power  ia  then 
reduced  by  any  resistance,  decomposition  ceases :  were  it 
otherwise,  were  the  decomposition  in  the  voltameter  tlie 
exponent  of  the  entire  force  of  the  generating  cells,  and  tbesa 
could  independently  produce  magnetic  force,  thie  latter 
force  would  be  got  Irom  nothing,  and  perpetual  motion  be 
obtained. 

To  take  another  and  different  example  ;  A  piece  of  zinc 
dissolved  in  dilute  sulphuric  acid  gives  somewhat  less  heat  than 
when  the  zinc  has  a  wire  of  platinum  attached  to  it,  and  b 
dissolved  by  the  same  quantity  of  acid.  The  argument  is 
deduced  that,  as  there  is  more  electricity  in  the  second  than. 
in  the  first  ease,  there  should  be  less  heat ;  hut  as,  according 
to  our  received  theories,  the  heat  is  a  product  of  the  electric 
current,  and  in  consequence  of  the  impurity  of  zinc  electrici- 
ty is  generated  in  the  first  case  molecularly,  in  what  is  called 
local  action,  though  not  thrown  info  a  general  direction, 
there  should  be  more  of  both  heat  and  electricity  in  the  sec- 
ond than  in  the  first  case,  as  the  heat  and  eloctrioity  due  to. 
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oltaic  combinatioa  of  rinc  and  platinum  are  added  Ig 
ftat  excited  on  the  snrface  of  tlie  zinc,  and  the  one  Bhonld  be, 
as  in  fact  it  is,  more  rapidly  dissolved ;  90  that  the  extra  heat 
And  electricitj  is  produced  bj  extra  cfaemicai  force.     Uanr 
additional  cases  of  a  similar  description  m^it  be  < 
Sat  although  it  is  difiicolt,  sod  perhaps  impoaeible,  to  n 
the  acdoD  of  anj  one  force  to  the  production  of  one  other  "^ 
force,  and  of  one  only — yet  if  the  irh<de  of  one  force,  saj 
chemical  action,  be  supposed  to  be  employed  in  producing  itu 
fiill  equivalent  of  another  force,  say  heat,  thai  as  this  heal  is 
capable  in  its  torn  of  reproducing  chemical  action,  and  in  tl 
limit,  a  quantity  equal  or  at  lea^  only  infinitely  short  of  tl 
initial  force  :  if  this  conld  at  the  same  time  produce  indepen?'  1 
dently  another  force,  say  magnelinn,  we  could,  by  adding 
the  magnetism  to  the  total  heal,  get  more  than  the  original 
chemical  action,  and  thus  create  force  or  obtain  perpetual 
motion. 

The  term  Correlation,  which  I  selected  as  the  title  of  my 
Lectures  in  1843,  strictly  interpreted,  means  a  necessary 
mutual  or  reciprocal  dependence  of  two  ideas,  inseparable 
even  in  mental  conception  :  thus,  the  idea  of  height  cannot 
exist  without  inrolring  the  idea  of  its  correlate,  depth  ;  the 
idea  of  parent  cannot  exist  without  inToIviug  the  idea  of  off- 
spring.  It  has  bi'cn  scarcely,  if  at  all,  used  by  writers  on 
physics,  but  there  are  a  vast  varie^  of  physical  relations  lo 
which,  if  it  does  not  in  its  strictest  original  sense  apply, 
catmot  certainly  be  so  well  expressed  by  any  other  term. 
There  are,  for  example,  many  facta,  one  of  wliich  cannot  take 
place  without  involving-  tbe  oilier ;  one  arm  of  a  lever  can- 
not be  depressed  without  the  other  being  elevated — the  finger 
cannot  press  the  table  without  the  table  pressing  the  finger. 
A  body  cannot  be  heated  without  another  being  cooled,  or 
■ome  otlier  force  being  exhausted  in  an  equivalent  ratio  to 
the  production  of  heat ;  a  body  cauoot  be  positively  eleo- 
tnficd  without  some  other  body  being  negatively  electri* 
fled,  &c. 
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The  probability  is,  ihat,  if  not  all,  tlie  greater  number  o{ 
physical  plicnomena  are  carrelatiTC,  and  that,  without  a 
duality  of  conception,  the  mind  cannot  form  an  idea  of  them: 
thus  niotion  cannot  be  perceived  or  probably  imagined  with- 
out parallax  or  relative  change  of  position.  The  world  waa 
believed  fixed,  imtU  by  eompai'iBon  with  the  celestial  bodies, 
it  was  found  to  change  its  place  with  regard  to  them ;  hod 
there  been  no  perceptible  matter  external  to  the  world,  wa 
■bould  never  have  discovered  its  motion.  In  sailing  alon>;  a 
river,  the  stationary  vessels  and  objects  on  the  hunks  eeem 
to  move  past  the  observer :  if  at  lost  he  arrives  at  the  convio* 
tion  that  he  is  moving,  and  not  these  objects,  it  is  by  oorrect- 
JDg  his  senses  by  reflection  derived  from  a  more  extensive 
previous  use  of  them :  even  then  he  can  only  form  a  notion 
of  the  motion  of  the  vessel  he  is  in,  by  its  change  of  posititui 
with  regard  to  the  objects  it  passes — that  is,  provided  tuB 
body  partakes  of  the  motion  of  the  vessel,  which  it  only  does 
when  its  course  is  perfectly  smooth,  otherwise  the  relative 
change  of  position  of  the  difierent  parts  of  the  body  and  the 
vessel  inform  him  of  its  alternating,  though  not  of  its  pro- 
gressive movement.  So  in  all  physical  phenomena,  the  efiecta 
produced  by  motion  are  all  in  proportion  to  the  relative  mo- 
tion :  thus,  whether  the  rubber  of  an  electrical  machine  be 
stationary,  and  the  cylinder  mobile,  or  the  rubber  mobile  and 
the  cylinder  stationary,  or  hotli  mobile  in  different  directions, 
or  in  the  same  direction  with  different  degrees  of  velocity, 
the  deutrical  effects  are,  caiteris  paribus,  precisely  the  same, 
provided  the  relative  motion  is  the  same,  and  so,  without  ex- 
ception, of  all  other  phenomena.  The  question  of  whether 
there  can  be  absolute  motion,  or,  indeed,  any  absolute  isolated 
force,  is  purely  the  metaphysical  question  of  idealism  or  real- 
ism— a  question  for  oar  purpose  of  little  import ;  sufficient 
for  the  purely  physical  inquirer,  the  maxim  '  de  non  apparititi' 
ttis  e(  non  emsfenfiius  eadem  est  ratio.' 

The  sense  I  have  attached  to  the  word  correlation,  in 
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5  of  phjraieal  phenomena,  wiU,  I  tfiink,  be  cviclc-nt  fron» 
i-^Ae  previous  parts  of  this  .essay,  to  be  that  ol'  a  neceasarj 
»"eciprocal  production ;  ia  other  wortia,  iLat  any  force  capable 
*jf  producing  another  may,  in  its  turn,  be  produced  by  it— 
nay,  more,  can  be  itself  resisted  by  the  force  it  produces,  in 
proportion  to  the  energy  of  8U<'ii  prwluciion,  as  action  is  ever 
accompanied  and  resisted  by  reaction  :  thus,  the  action  cf  aii 
electro-magnetic  machine  is  reacted  upon  by  the  magneto 
electricity  developed  by  its  action. 

To  many,  however,  of  the  cases  we  have  been  consider- 
ing, the  tenn  correlation  may  be  applied  in  a  more  strict 
accordance  with  its  original  sense :  tlius,  with  regard  to  the 
forces  o£  electricity  and  magnetism  in  a  dynamic  stale,  we 
cannot  electrise  a  substance  without  magnetising  it — we  cau- 
~  not  magnetise  it  without  electrising  it : — each  molecule,  the 
instant  it  is  aSected  by  one  of  these  forces,  is  affected  by  the 
other ;  but,  in  transverse  directions,  the  forces  are  insepara- 
ble and  mutually  depeudent— correlative,  bnt  not  identical. 

The  evolution  of  one  force  or  mode  of  force  into  another 
has  induced  many  to  regard  all  the  difTorent  natural  agencies 
as  reducible  to  unity,  and  as  resulting  irom  one  force  which 
is  the  efficient  cause  of  all  the  others  :  thus,  one  author  writes 
to  prove  thai  electricity  is  the  cause  of  every  change  in 
matter ;  another,  that  chemical  action  is  the  cause  of  every- 
thing; another,  that  heat  is  the  universal  cause,  and  so  on. 
If,  as  I  have  stated  it,  the  true  expression  of  the  fact  is,  that 
each  mode  of  force  is  capable  of  producing  the  others,  and 
that  none  of  them  can  be  produced  but  by  some  other  an  an 
anterior  force,  then  any  view  which  regards  either  of  tbem  as 
abstractedly  the  efficient  cause  of  all  the  rest,  is  erroneous  ; 
the  view  has,  I  believe,  arisen  from  a  confusion  between  the 
abstract  or  generalised  meaning  of  the  term  cause,  and  ita 
concrete  or  special  sense ;  the  word  itself  being  indiscrimi- 
nately used  in  both  these  senses. 

Another  coniiision  of  terms  hoe  arisen,  and  hasj  indaedt 


OOBBEI^TroH  OF  rHTBIOAL   rOBCEB. 


much  embarrassed  me  in  enunciating  the  propo^iliona  put 
Jurlh  in  these  pages,  on  account  of  the  imperfection  of  sciesr 
tific  language  ;  an  imperfectioa  in  great  measure  unavoidable, 
it.  is  true,  but  not  the  less  embarrasBuig.  Thus,  the  words 
light,  heat,  electricity,  and  magnetism,  are  constantly  used  in 
two  senses — viz.  that  of  the  force  producing,  or  the  subject- 
ive  idea  of  force  or  power,  and  of  the  effect  produced,  or  the 
objective  phenomenon.  The  word  motion,  indeed,  is  only 
applied  to  the  ofibct,  and  not  to  the  force,  and  the  term  chem- 
ical aflinity  is  generally  applied  to  the  force,  and  not  to  the 
effect ;  but  the  other  lour  terms  are,  for  wont  of  a  distinct 
terminology,  applied  indiscriminately  to  both. 

I  may  have  occasionally  used  the  same  word  at  one  lime 

in  a  subjeclive,  at  another  in  an  objective  sense ;  all  I  can 

I  say  is,  that  this  cannot  be  avoided  without  a  neology,  which 

\  1  have  not  the  presumption  to  introduce,  or  the  authority  to 

enforce.     Again,,  the  use  of  the  term  forces  in  the  plural 

might  be  objected  to  by  those  who  do  not  attach  to  the  term 

force  the  notion  of  a  specific  agency,  but  of  one  universal 

power  associated  with  matter,  of  which  its  various  phenom- 

la  are  but  diversely  modified  effects. 

Whether  the  imponderable  agents,  viewed  as  force,  and 

)t  as  matter,  ought  to  be  regarded  as  distinct  forces  or  as 

f  distinct  modes  of  force,  is  probably  not  very  material,  for,  as 

as  I  am  aware,  the  same  result  would  follow  either  view ; 

1  have  therefore  used  the  terms  indiscriminately,  as  either 

I  happened  to  be  the  more  expresBive  for  the  occasion. 

Throughout  this  essay  I  have  placed  motion  in  the  same 
category  as  the  other  afiections  of  matter.  The  course  of 
reasoning  adopted  in  it,  however,  appears  to  me  to  lead  inev- 
itably to  the  conclusion  that  these  affections  of  matter  are 
themselves  modes  of  motion ;  that,  as  in  the  case  of  friction, 
Ihe  gross  or  palpable  motion,  which  is  arrested  by  the  con- 
'  tact  of  another  body,  is  subdivided  into  molecular  motions  or 
I  vibrations,  which  vibrations  are  heat  or  electricity,  ae  tlt« 
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ease  may  be ;  bo  the  other  affections  are  obIj  matter  moved 
or  molecuhirly  agitated  in  certain  defloiie  directions.  Wa 
hara  already  considered  ihc  hypothesis  that  the  passage  of 
electricity  and  magnetism  causes  vibrations  in  an  ether  per- 
meating the  bodies  through  which  the  current  is  transmitted, 
or  the  application  of  the  same  elhereal  hypothesis  to  these 
imponderables  which  had  previously  been  applied  to  lighi ; 
many,  in  speaking  of  some  of  the  effects,  admit  that  el<:etri- 
city  and  magnetism  cause  or  produce  by  their  passage  vibra- 
tions in  the  particles  of  matter,  but  regard  the  vibrallona 
produced  as  an  oecasional,  though  not  always  a  necessary, 
effect  of  the  passage  of  electricity,  or  of  the  increment  or 
decrement  of  magnetism.  The  view  whictf  I  bare  taken  is, 
that  such  vibrations,  moleeidar  polarisations,  or  motions  of 
some  sort  from  particle  to  particle,  are  themselves  electricity 
or  magDQtism ;  cw,  to  express  it  in  the  converse,  that  dynamic 
electricity  and  magnetism  are  themselves  motion,  and  that 
permanent  magnetism,  and  Franldinic  electricity,  are  static 
conditions  of  force  hearing  a  similar  relation  to  moiion  which 
tension  or  gravitation  do. 

This  theory  might  well  be  discussed  in  greater  detail 
than  has  been  used  io  this  work  ;  but  to  do  this  and  to  anti- 
cipate olijections  would  lead  into  speeiulilies  foreign  to  my 
present  object,  in  the  course  of  this  essay  my  prindpal  aim 
having  teen  rather  to  show  the  relation  of  tbrces  as  evinced 
by  acknowledged  facts,  than  to  enter  upon  any  detailed  ex- 
planation of  their  specific  modes  of  action. 

Probably  man  will  never  know  the  ultimate  stmcture  of 
matter  or  the  miunlite  of  molecular  actions ;  indeed  it  is 
Bcarucly  conceivable  that  the  mind  can  ever  attain  to  tliia 
knowledge ;  the  monad  irresolvable  by  a  given  microscope 
may  be  resolved  by  an  increase  in  power.  Mucli  harm  has 
already  been  done  by  attempting  hypothetically  to  dissect 
matter  and  to  discuss  the  shapes,  sizes,  and  numbers  of  at- 
oms, and  their  atmospheres  of  heat,  ether,  or  electricity. 
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"Whether  the  regarding  electricity,  light,  umgnctism,  &e., 
as  eiiuply  molions  of  ordinajy  matter,  be  or  be  not  admissi* 
l)le,  certain  it  is,  that  all  past  theories  have  reBolyed,  and  all 
exiating  theories  do  resolve,  the  actions  of  these  forces  into 
motion.  Whetlier  it  be  that,  on  acconnt  of  our  familiarity 
with  motion,  we  refer  other  affections  to  it,  as  to  a  language 
which  is  most  easily  construed  and  moet  capable  of  explain^ 
ing  them ;  whether  it  be  that  it  is  in  reality  the  only  mode  in 
which  our  minde,  as  contradiBtinguisbed  from  our  senses,  are 
able  to  conceive  material  agencies ;  certain  it  is,  that  since 
the  period  at  wliich  tlio  mystic  notions  of  spiritual  or  preter- 
natural powers  were  applied  to  account  for  physical  phenom-* 
ena,  all  hypotlieSea  framed  to  explain  them  have  resolved 
tbem  into  motion.  Take,  for  example,  the  theories  of  light 
h)  which  I  have  before  alluded ;  one  of  these  supposes  hght 
to  be  a  highly  rare  matter,  emitted  &om — i.-c.  put  in  motion 
by — luminous  bodies ;  a  second  supposes  that  the  matter  is 
not  emitted  from  luminous  bodies,  but  that  it  ia  put  into  a 
state  of  vibration  or  undulation,  i.  e.  Tnotion,  by  thein;  and 
thirdly,  light  may  bo  regarded  as  an  undulation  or  motion  of 
ordinary  matter,  and  propagated  by  undulation  of  air,  glass, 
&c.,  as  I  have  before  stated.  In  all  these  hypotheses,  matter 
and  motion  are  the  only  conceptions.  Nor,  if  we  accept 
terms  derived  from  our  own  sensations,  the  which  sensations 
themselves  may  be  but  modes  of  motion  in  the  nervous  fila- 
ments, can  we  find  words  to  describe  phenomena  other  than 
those  expressive  of  matter  and  motion.  We  in  vain  struggle 
to  escapw  &om  these  ideas ;  if  we  ever  do  so,  oar  mental 
powers  must  undergo  a  change  of  which  at  present  we  see 
no  prospect. 

If  we  apply  to  any  other  force  the  mode  of  reasonisg 
which  we  have  applied  to  heat,  we  shall  arrive  at  the  same 
conclusion,  and  see  that  a  given  source  of  power  can,  sup- 
posing it  to  be  fully  utilised  in  each  case,  yield  no  more  by 
em^iloyiDg  it  as  au  exciter  of  one  force  than  of  another.     Lei 


COSCLTTDING   BEUA&EB.  1S9 

u  take  electricity  as  an  example.  Suppose  u  pnund  uF  niur* 
cnry  at  400  be  employed  to  produce  a  tlienno-nloctric  cur 
rent,  and  the  latter  be  in  its  turn  employed  to  produce  me- 
chaiiical  force  ;  if  this  latter  force  be  greater  tliao  thai  which 
the  direct  effect  of  heat  would  produce,  then  it  could  by  coni- 
presaion  raise  the  temperatnre  of  the  mercury  itaolf,  or  of  a 
Hjnilar  quantity  equally  hi^ated,  to  a  higher  {>oint  than  iti 
'  original  temperature,  the  400'  to  401°,  for  example,  which 
is  obriously  impossible  ;  nor,  if  we  admit  force  to  bo  ind^ 
Btniclible,  can  it  produce  less  than  400^,  or  cool  tlio  second 
body  except  by  some  portion  of  it  being  converted  into 
another  form  or  mode  of  force. 

But  as  the  mechanical  effect  here  is  produced  throu|;h  the 
medium  of  electricity,  and  the  mechanical  effect  is  definite, 
so  the  qnautity  of  electricity  producing  it  must  be  definite 
also,  for  unequal  quantities  of  electricity  could  only  produce 
an  equal  mechanical  cfiect  by  a  loss  or  gain  of  their  own 
force  into  or  out  of  nothing.  The  same  reaBoniog  will  apply 
to  the  other  forces,  and  will  lead,  it  appears  to  me,  necessa- 
rily and  inevitably  to  the  conclusion,  that  each  force  ia  defi- 
nitely and  equivalently  convertible  into  any  other,  and  that 
where  experiment  does  not  ^vc  the  full  equivalent,  it  ia  be- 
canse  the  initial  force  has  been  dissipated,  not  lost,  by  con- 
version into  other  unrecognised  forces.  The  equivalent  is  the 
limit  never  practically  reached. 

The  great  problem  which  remains  to  be  solved,  in  regard 
to  the  correlation  of  physical  forces,  ifl  this  establishment  of 
their  equivalents  of  power,  or  their  measurable  relation  to  a 
given  standard.  The  progress  made  in  some  of  the  branches 
of  this  inquiry  has  been  already  noticed.  Viewed  in  their 
static  relations,  or  in  the  conditions  requisite  for  producing 
equilibrium  or  quantitative  equality  of  force,  a  remarkable 
relation  between  chemical  affinity  and  heat  is  Ibat  discovered 
in  many  Mmple  bodies  by  Dulong  and  Petil,  and  extended  to 
wunda  by  Neumann  and  Avogadro.     Their  researuhea 
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have  aho'mi  lliat  Ihe  Bpeeific  heats  of  certain  subatanceB, 
when  multiplied  by  their  chemical  equivaleote,  give  a  con- 
Btant  quttntity  as  product — or,  in  other  words,  that  the  com- 
bining weights  of  such  suhatancea  are  those  weights  which 
require  equal  accessiona  or  abstractiona  of  beat,  equally  to 
raise  or  lower  their  temperature.  To  put  the  proposition 
more  in  accordance  with  tJio  view  we  have  taken  of  the  na- 
ture of  heat ;  each  body  has  a  power  of  communicating  or 
receiving  molecular  repulsive  power,  esacUy  equal,  weight 
for  weight,  to  its  chemical  or  combining  power.  For  in- 
etonce,  the  equivaleut  of  lead  is  104,  of  zinc  33,  or,  in  round 
numbers,  as  3  to  1 :  these  nuniherB  are  therefore  inversely 
the  espononta  of  their  chemical  power,  three  times  as  much 
lead  as  zinc  being  required  to  saturate  the  same  quan- 
tity of  an  acid  or  substance  combining  with  it ;  but  their 
power  of  communicating  or  abstracting  beat  or  repulsive 
power  ia  precisely  the  same,  for  three  times  as  much  lead  as 
zinc  ia  required  to  produce  the  same  amount  of  expansion  or 
contraction  in  a  given  quantity  of  a  third  subatance,  snch  as 

Again,  a  greaf  number  of  bodiea  chemically  combine  in 
equal  volumes,  i.  c.  in  the  ratios  of  their  specific  gravities ; 
but  the*  specific  gravities  represent  the  attractive  powers  of 
the  substance,  or  are  the  numerical  exponents  of  the  forces 
.  tending  to  produce  motion  in  masses  of  matter  towards  eaob 
other ;  whUe  the  chemical  equivalents  are  the  exponents  of 
the  affinities  or  tendencies  of  the  molecules  of  dissimilar  sub- 
stances  to  combine,  and  saturalfl  each' other;  consequently, 
here  we  have  to  some  extent  an  equivalent  relation  between 
these  two  modes  of  force — gravitation  and  chemical  attrac 

Were  the  above  relations  extended  into  an  universal  law, 
we  should  have  the  same  numerical  expression  for  the  three 
forces  of  beat,  gravity,  and  affinity ;  and  aa  electricity  and 
magnetiBm  ore  quantitatively  related  to  them,  we  should  imn 
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V'rimilar  expresnon  for  these  forces :  bvl  at  prcBent  the  bod- 
lea  in  wliieh  this  parity  of  force  has  becD  disoorered,  tliongh 
in  themaelves  DUiDutNis,  are  muD  conqMred  with  the  exce|>- 
tions,  and,  therefore,  thie  poiot  can  011I7  be  indicated  m  prom- 
ising a  geoeraliEotioo,  Ebonlii  subsequent  researcbea  alter  our 
knowledge  a»  to  the  elemente  and  combining  eqairalents  of 
matter. 

With  regard  to  what  may  be  caDed  dynamic  eqniralenta^.  j 
i.  e.  the  definite  relation  to  time  of  the  at^on  of  these  raried  f 
forces  npon  eqoiralenta  of  matter,  the  difficolty  of  estabtif 
ing  them  is  BtHl  greater.  If  the  prc^toation  which  I 
at  the  commencement  of  this  paper  be  correct,  that  motiov  9 
may  be  subdivided  or  changed  in  character,  so  as  to  beconw 
heat,  eleetrichy,  &c.,  it  on^it  to  follow  that  when  we  collect 
the  dissipated  and  changed  forces,  and  reconvert  them,  the 
initial  motion,  minus  an  infinitesimal  quantity  affecting  the 
same  amount  of  matter  with  the  same  velod^,  ebotdd  be  re- 
produced, and  BO  of  the  changes  in  matter  produced  by  the 
other  forces ;  but  the  difficulties  of  proving  the  truth  of  this 
by  experiment  will,  in  many  cases,  be  all  but  inaui>erable ; 
WB  cannot  imprison  motion  as  we  can  matter,  though  we  may 
to  some  eitent  restrain  its  direction. 

Tlie  term  perpetual  motion,  which  I  have  not  tmfi«qnent- 
ly  employed  in  these  pages,  is  itself  equivocal.  If  the  iloc- 
trines  here  advanced  be  founded,  all  motion  is,  in  one  sease, 
perpetual.  In  masses  whose  motion  is  stopped  by  mntnal 
coucoBsiotL,  heal  or  motion  of  the  particlea  is  generated  ;  and 
thus  the  motion  continues,  so  tbatif  we  could  venture  to  estend 
such  thoughts  to  the  universe,  we  should  assume  the  same 
amount  of  motion  affecting  the  same  amount  of  matter  forever. 
Where  force  opposes  force,  as  in  cases  of  static  equilibrium, 
the  balance  of  pre-existing  equilibrium  is  affected,  and  fresh 
motion  is  started  equivalent  to  that  which  is  withdrawn  into 
a  state  of  abeyance. 

(nt  the  term  perpetual  motion  is  applied,  in  ordinary  par> 
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lance  (and  in  such  sense  Xhave  used  it),  to  a  perpetual  recui^ 
rent  motion,  e.g.  a  weight  which  by  ila  fall  would  turn  a 
wheel,  which  wheel  would,  in  its  turn,  raise  the  inilial  weig 
and  so  on  forever,  or  until  the  material  of  which  the  machine 
is  made  be  worn  out.  It  is  strange  that  to  common  appre- 
hension the  impossibility  of  this  is  not  Belf-evident :  if  the  in- 
itial weight  ia  to  be  raised  by  the  force  it  has  itsell'  generated, 
it  must  necessarily  generate  a  force  greater  than  that  of  its 
own  weight  or  centripetal  attraction;  in  other  words,  itmiist 
be  capable  of  raising  a  weight  heavier  than  itself:  so  that, 
setting  aside  the  resiatance  of  friction,  &c.,  a  weight,  to  pro- 
duce perpetual  recurrent  motion,  must  be  heavier  tlian  an 
equal  weight  of  Eoatter,  in  short,  heavier  than  itself. 

Suppose  two  equal  weights  at  each  end  of  an  equi-armed 
lever,  there  is  no  motion  ;  cut  off  a  fraction  of  one  of  tliem, 
and  it  rises  wlule  the  other  falls.  How,  now,  is  the  lesser 
weight  to  bring  back  the  greater  without  any  extraneous  ap- 
plication of  force?  If,  as  is  obviouB,  it  cannot  do  so  in  thla 
simple  form  of  experiment,  it  is  d  fortiori  more  imposaible  if 
machinery  be  added,  for  increased  resistances  have  then  to 
be  overcome.  Can  we  again  mend  this  by  employing  any 
other  force  ?  Suppose  we  employ  electricity,  the  initial 
weight  in  descending  tarns  a  cylinder  against  a  cushion,  and 
BO  generates  electricity ;  to  make  this  force  recurrent,  the 
electricity  so  generated  must,  in  its  turn,  raise  the  initial 
weight,  or  one  heavier  than  it,  i.  e.  the  initial  weight  mu 
through  the  medium  of  electricity,  raise  a  weight  heavier  than 
itself.  The  same  problem,  applied  to  any  other  forces,  will 
involve  the  same  abBurdity :  and  yet  simple  as  the  matter 
seems,  the  world  ia  hardly  yet  disabused  of  an  idea  little  re- 
moved from  superstition. 

But  the  importance  of  the  deductions  to  be  derived  from 
the  negation  of  perpetual  molion  seems  scarcely  to  have  im- 
pressed  pliiloBophers,  and  we  only  find  here  and  there  a  scat* 
tered  hint  of  the  consequences  necessarily  resulting  from  that 
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h  to  the  dunking  mind  is  a  convicdoa.  Some  of  them 
I  have  ventured  to  put  forward  in  the  present  essay,  bnt 
many  remain,  and  will  crowd  upon  the  mind  of  tliose  who 
pursue  the  subject.  Does  not,  for  inslanee,  the  impossibility 
of  perpetual  motion,  when  thought  oat,  involve  the  demon- 
etration  of  the  impossibility,  to  which  I  have  previously  allud- 
ed, of  any  event  identically  recoiring? 

The  pendulum  in  vacuo,  At  each  beat  leaves  a  portion  of 
the  force  which  started  it  in  the  form  of  heat  at  its  point  of 
suspension  :  this  force,  though  ever  existent,  can  never  be  re- 
stored in  its  integrity  to  the  ball  of  the  pendulnm,  for  in  the 
process  of  restoration  it  must  afiect  other  matter,  and  aller 
the  condition  of  the  universe .  To  restore  the  initial  force  to  its 
integrity,  everything  as  it  existed  at  the  moment  of  the  first 
beat  of  the  pendulum  must  be  restored  in  its  integrity :  but 
how  can  this  be — for  wliile  the  force  was  escaping  firom  the 
pendulum  by  radiating  heat  firom  the  point  of  suspension, 
surronnding  matter  has  not  stood  still ;  the  very  attraction 
which  caused  the  heat  of  the  pendnlnm  has  changed  in  degree, 
for  the  pendulmn  is  nearer  to  or  further  from  the  Ban,  or 
from  some  planet  or  fixed  star. 

It  might  be  an  interesting  and  not  profitless  speculation 
to  follow  out  these  and  other  consequences  ;  it  would,  I  be- 
lieve, lead  U8  to  the  conviction  that  the  universe  is  ever 
changing,  and  that  notwithstanding  secular  recurreuces  which 
would  prima  facie  seem  to  replace  matter  in  its  original  posi- 
tion, nothing  in  fact  ever  returns  or  can  return  to  a  state  of 
esdstence  identical  with  a  previous  slate.  But  the  field  is  too 
illimitable  for  me  to  venture  further. 

The  inevitable  dissipation  or  throwing  off  a  portion  of 
the  initial  force  presents  a  great  experimental  difficulty  in  the 
way  of  establishing  the  equivalents  of  the  various  natural 
forces.  In  the  steam-engine,  for  instance,  the  beat  of  the 
furnace  not  only  expands  the  water  and  thereby  produces  the 
notion  of  tho  piston,  but  It  ol^o  expands  the  iron  of  tha  boil' 


lU 


COBKELATION   OF   PHYBIOAL  FOECES. 


er,  of  the  cylinder  and  all  Hurrounding  bodies.  The  force  ex- 
pended in  expanding  thia  iron  to  a  very  small  extent  is  equal 
to  that  which  espauda  the  vapour  to  u  very  large  estcTit :  this 
expansion  of  the  iron  ia  eapahle,  in  ita  turn,  of  producing  a 

'  great  mechanical  force,  which  is  practically  lost.  Conld  ell 
the  force  be  applied  to  the  vapour,  an  enonnoua  addition  o! 
power  would  be  gained  for  the  same  expenditure :  and  pep« 
hapa  even  with  onr  present  moans  more  might  be  done  in 
utilising  the  expansion  of  the  iron. 

Another  great  difficulty  in  experimentally  aaccrtaining  the 
dynamic  equivalents  of  different  forces  arises  from  the  effects 
of  disruption,  or  the  overcoming  an  oxiating  force.  Thus, 
when  a  part  of  the  initial  force  employed  is  engaged  in  twiat 
lug  or  tea,ring  asunder  matter  previously  held  together  by 
cohesive  attraction,  or  in  overcoming  gravitation  or  inertiBf 
the  same  amount  of  heat  or  electricity  would  not  be  evolved 
OS  if  such,  obstacle  wore  non-existent,  and  the  initial  forOB 
were  wholly  employed  in  producing,  not  in  oppoaing.  There 
ia  a  difficulty  apparently  extreme  in  devising  experiment* 
in  which  some  portion  of  the  force  is  not  so  employed. 

The  initial  force,  however,  tliat  haa  been  employed  for  anch 
dismption  is  not  loat,  as  at  the  moment  of  disruption  the 
bodies  producing  it  fly  off,  and  carry  with  them  their  force. 
Thus,  let  two  weights  be  attached  to  a  cord  placed  across  a 
bar ;  when  their  force  is  sufficient  to  break  the  cord  or  the 
bar,  the  weights. fall  dovru  and  strike  the  earth,  making  it 
vibrate,  and  BO  conveying  away  or  continuing  the  force  oi- 
presaed  by  the  coheaion  of  the  bar  or  cord.  If,  inatead  of 
breaking  a  cord,  the  weighta  be  employed  to  hend  a  bar,  their 
gravitating  force,  inateod  of  making  the  earth  vibrate,  pro- 

,  duces  heat  in  tlie  bar,  and  so  vrith  whatever  otlier  force  be 

employed  to  produce  effects  of  disruption,  (oraion,  &e.,  so 

that,  tliough  dif&cult  in  practice,  the  numerical  problem  of 

the  equivalent  of  the  force  is  not  theoretically  irresolvable 

The  voltaic  battery  affords  ua  the  best  means  of  ascertai» 
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^^edTmnniceqaivalentaof  different  forceB,  audit  is  probable 
that  bj  its  aid  the  best  theoretical  and  practical  results  will  be 
ultimately  attained. 

In  investigatiiig  the  relalion  of  the  diflerent  forces,  I  have 
in  turn  taken  each  one  as  the  initial  force  or  starting-point, 
&nd  endeavoured  to  show  how  the  force  thos  arbitrarily  se- 
lected could  mediately  or  immediately  produce  and  be  merged 
into  the  others ;  but  it  will  be  obvious  to  those  who  have  aU 
tentively  considered  the  subject,  and  brought  their  minds  into 
a  general  accordance  with  the  views  I  have  submitled  to  them, 
that  no  force  can,  strictly  speaking,  be  initial,  aa  there  must 
be  some  anterior  force  which  produced  it :  we  cannot  create 
force  or  moHoa  any  more  than  we  can  create  matter. 

Thus,  to  take  an  example  previously  noticed,  and  recede 
backwards ;  the  spark  of  light  is  produced  by  electricity, 
electricity  by  motion,  and  motion  is  produced  by  something 
else,  say  a  steam-engine — ^that  is,  by  heat.  This  heat  is  pro- 
duced by  chemical  affinity,  i.e.  the  affinity  of  the  carbon  of 
the  coal  for  the  oxygen  of  the  air :  this  carbon  and  this  oxy- 
gen have  been  previously  eliminated  by  actions  difficult  to 
trace,  but  of  the  pre-existence  of  which  we  cannot  doubt, 
and  in  which  actions  we  should  find  the  conjoint  and  al- 
ternating effects  of  heat,  light,  chemical  affinity,  &c.  Thus, 
trsfiiag  any  force  backwards  to  its  antecedenia,  we  are  merged 
in  as  infinity  of  changing  forma  of  force  ;  at  some  point  we 
lose  it,  not  because  it  has  been  in  fact  created  at  any  definite 
point,  but  because  it  reaolves  itself  iaio  so  many  contributing 
forces,  that  the  evidence  of  it  is  lost  to  our  senses  or  powers 
of  detection ;  just  as  in  following  it  forward  ink)  the  effect  it 
produces,  it  beconiea,  as  I  have  before  stated,  bo  subdivided 
and  dissipated  as  to  be  equally  loat  to  our  means  of  detection. 

Can  we,  indeed,  suggest  a  proposition,  definitely  conceiv- 
able by  the  mind,  of  force  without  antecedent  force?  I  can- 
not, wilhont  calling  for  the  interposition  of  created  power, 
a  than  I  can  conceive  the  sudden  appearance  of  a 
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masa  of  matter  come  from  nowhere,  and  formed  irom  noth- 
ing. The  impossihilily,  humanly  speaking,  of  creating  or 
annihilating  matter,  has  long  hcen  admitted,  though,  perhaps, 
ilB  distinct  reception  in  philosophy  may  be  set  down  to  the 
civerlhrow  of  ihe  doctrine  of  Phlogiston,  and  the  reformation 
of  chemistry  at  the  time  of  Lavoisier.  The  reapons  for  the 
admission  of  a  similar  doctrine  as  to  force  appear  to  be  eqnally 
Btrong.  With  regard  to  matter,  there  are  many  cases  in 
which  we  never  praotically  prove  its  cessation  of  existence, 
yet  we  do  not  the  less  believe  in  it :  who,  for  instance,  can 
trace,  so  as  to  re-Tveigh,  the  particles  of  iron  worn  off 
the  tire  of  a  carriage  wheel?  who  can  re-combine  the  parti- 
cles of  wax  dissipated  and  chemically  changed  in  the  bnming 
of  a  candle?  By  placing  matter  undergoing  physical  or 
chemical  changes  under  special  limiting  circnmstaneea,  we 
may,  indeed,  acquire  evidence  of  its  continued  existence, 
weight  for  weight — and  ao  we  may  in  some  instances  of  force, 
as  in  definite  electrolysis :  indeed  the  eiddence  we  acquire  of  the 
continned  existence  of  matter  is  by  the  continued  exertion  of 
the  force  it  exercises,  as,  when  we  weigh  it,  our  evidence  is 
the  force  of  attraction ;  so,  again,  onr  evidence  of  force  fa 
the  matter  it  acts  upon.  Thus,  matter  and  force  are  corre- 
lalca,  in  the  strictcBt  sense  of  the  word ;  the  conception  of 
the  existence  of  the  one  involves  the  conception  of  the  exis- 
tenee  of  the  other :  the  quantity  of  matter  again,  and  the  de- 
gree of  force,  involve  conceptions  of  space  and  time.  But 
to  follow  ont  these  abstract  relations  would  lead  me  too  1 
into  the  allnring  paths  of  metaphysical  speculation. 

That  the  theoretical  portions  of  this  essay  are  opeu  to  ( 
jection  I  am  fully  conscious.  I  c«nnot,  however,  but  think 
that  the  fair  way  to  tost  a  theory  is  to  compare  it  with  other 
theories,  and  to  see  whether  upon  the  whole  the  balance  c 
probability  is  in  its  favour.  Were  a  theory  open  to  no  ob- 
jection it  wonld  cease  to  be  a  theory,  and  beet  me  a  law; 
and  were  we  not  to  theorise,  or  to  take  generalised  viewB  of 
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tural  phenomena  uniil  those  generalizations  were  sure  and 
miobjectlonable — in  other  words,  were  laws — science  would 
be  lost  in  a  complex  mass  of  nncohnected  observarions, 
which  would  probably  never  disentangle  themselves.  Excess 
on  either  side  is  to  bo  avoided  ;  although  we  may  oftfin  err  on 
the  side  of  hasty  generalisation,  we  may  equally  err  on  the 
Bide  of  mere  elaborate  colleclion  of  observations,  which, 
though  sometimes  leading  'lO  a  valuable  result,  yet,  when  cu- 
mulated without  a  connecting  link,  frequently  occasion  a  cost- 
ly waste  of  time,  and  leave  the  subject  to  which  they  refer  in 
greater  obscurity  than  that  in  which  it  was  involved  at  their 
commencement. 

Collections  of  facts  differ  in  importance,  aa  do  Ihoories: 
the  former,  in  many  instances,  derive  their  value  from  their 
capability  of  generalisation ;  while,  conversely,  theories  are 
valuable  as  methods  of  co-ordinating  given  series  of  facta, 
and  more  valuable  in  proportion  as  they  require  fewer  excep- 
tions and  fewer  postulates.  Facts  may  sometimes  be  as 
well  explained  by  one  view  as  by  another,  but  without  a 
theory  they  are  unintelUgihle  and  incommunicable.  Let  us 
nae  our  utmost  effort  to  conmiunicate  a  lact  without  using  the 
language  of  theory,  and  we  fajl ;  theory  is  involved  in  all 
our  expressions ;  the  knowledge  of  bygone  times  is  imporled 
into  succeeding  timeaby  lerma  involving  theoretic  conceptions. 
As  the  knowledge  of  any  particular  science  developes  itself 
onr  views  of  it  become  more  simple  ;  hypothesea,  or  the  in- 
troduction of  anpposititioua  views,  are  more  and  more  dis- 
pensed witli ;  words  become  applicable  more  directly  to  the 
phenomena,  and,  losing  the  hypothetic  meaning  which  they 
necessarily  possessed  at  their  reception,  acquire  a  secondary 
aense,  which  brings  more  immediately  to  our  minds  the  facta 
of  which  they  are  indices.  The  scaffolding  has  served  its 
purpose.  The  hypothesis  fades  away,  and  a  theory,  or  gen- 
eralised view  of  phenomena,  more  independent  of  supposition, 
but  still  fuU  of  gaps  and  diiUcullles,  takes  its  place.     Tliia  in 


198 


OF   PHTBICAl.  FOKCEB. 


its  turn,  should  the  5<^ieiice  continue  toprogress,  cidiergivoaplaca  ^ 
toamoresimplQ  and  wider  generalisation, or  becomes,  by  the  re-  I 
moval  of  objectiouB,  eatabliahed  as  a  law.  Even  in  this  luore  | 
advanced  stage,  words  importing  theory  must  be  used,  but  ' 
pbenomena  are  qow  intelligilile  and  connected,  though  express 
ed  by  varied  forma  of  speech. 

To  think  on  nature  is  to  theorise  ;   and  difBcult  it  i 
to  he  led  on  by  the  continuities  of  natural  phenomena  to  the-   | 
oriea  which  appear  forced  and  unintelligible  to  those  who    I 
have  not  pursued  the  same   path  of  thought :    which,  more- 
over, if  allowed  to  gain  an  undue  influence,  seduce  a: 
that  truth  which  is  the  sole  object  of  our  pursuit. 

"Where  to  draw  the  line — where  to  say  thus  far  we  may  j 
go,  and  no  farther,  in  any  particular  class  of  analogies  or  re- 
lations which  feature  presents  to  us  ;  how  far  to  follow  the  | 
progressive  indications  of  thought,  and  where  to  resist  ita  al-  I 
lurements — ia  a  question  of  degree  which  must  depend  upon 
the  judgment  of  each  individual  or  of  each  class  of  thinkers  ;  ' 
yet  it  ia  consolatory  that  thought  is  seldom  expended  in  vain. 

I  have  throughout  endeavoured  to  discard  the  hypotheses    1 
of  aubtio  or  occult  entities  ;  if  in  this  endeavour  some  of  my    , 
views  have  been  adopted  upon  insufficient  data,  I  still  hope 
that  this  essay  will  not  prove  valueless. 

The  conviction  that  tbeao-callod  imponderables  are  modes 
of  motion,  will,  at  all  events,  lead  the  observer  of  Datura]  ( 
phenomena  to  look  for  changes  in  these  affections,  wherever  ' 
the  intimate  structure  of  matter  is  changed ;  and,  conversely, 
la  seek  for  changes  in  matter,  either  temporary  or  permanent,    j 
whenever  it  is  affected  by  these  forces.     I  believe  he  will    | 
seldom  do  this  in  vain.     It  was  not  until  I  had  long  reflected 
on  the  subject,  that  I  ventured  to  publish  my  views :  their 
publication  may  indues  others  to  think  on  their  subject-mat- 
ter.    They  are  no:  put  forward  with  the  same  objects,  nor  do 
they  aim  at  the  s.i:ne  elaboration  of  detail,  as  memoirs  on 
oewly-discovev:'  1  physical  facta  :  they  purport  to  be  a  method  J 
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of  mentally  i^egarding  known  facts,  some  few  of  which  I  have 
myself  made  known  "on  other  occasions,  but  the  great  mass 
of  which  have  been  accumulated  by  the  labours  of  others, 
and  are  admitted  as  established  truths.  Every  one  has  a  right 
to  view  these  facts  through  any  medium  ho  thinks  fit  to  em- 
ploy, but  some  theory  must  exist  m  the  minds  of  those  who 
reflect  upon  the  many  new  phenomena  which  have  recently, 
and  more  particularly  during  the  present  century,  been  dis- 
covered. It  is  by  a  generalised  or  connected  view  of  past 
acquisitions  in  natural  knowledge  that  deductions  can  best  be 
drawn  as  to  the  probable  character  of  the  results  to  be  antici- 
pated. It  is  a  great  assistance  in  such  investigations  to  be 
intimately  convinced  that  no  physical  phenomena  can  stand 
alone :  each  is  inevitably  connected  with  anterior  changes, 
and  as  inevitably  productive  of  consequential  changes,  each 
with  the  other,  and  all  with  time  and  space ;  and,  either  in 
tracing  back  these  antecedents  or  following  up  their  conse- 
quents, many  new  phenomena  will  be  discovered,  and 
many  existing  phenomena,  hitherto  believed  distinct,  will 
be  connected  and  explained :  explanation  is,  indeed,  only  re- 
lation to  something  more  familiar,  not  more  known — i.e. 
known  as  to  causative  or  creative  agencies.  In  all  pheno- 
mena the  more  closely  they  are  investigated  the  more  are  we 
convinced  that,  himianly  speaking,  neither  matter  nor  force 
can  be  created  or  annihilated,  and  that  an  essential  cause  is 
unattainable. — Causation  is  the  will,  Creation  the  act,  of 
God. 
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124.  ToPKO,  hectares  edited  by  Eellnnd,  p.  S58,  et  Beq. ;  Phil.  Trati& 
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and  ISOl,  p.  300;  MonoAN,  PhiL  Trana.  toL  l«y.  p.  272;  Datt, 
Phil.  Trans.  1 822,  p.  64 ;  Elements  of  Chemical  Ptiilosophy,  p.  91 ; 
GiSBioT,  PhiL  Trans.  1869,  p.  157. 
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Mr.  Van  Breda,  who  commimicated,  in  1845,  a  paper  to  the  Insti- 
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Herman  Ludwig  Ferdinand  Helmholtz  was  bom  at  Pottsdam,  August 
81,  1821.  He  was  first  military  physician,  and  afterwards  assistant  of  the 
Astronomical  Museum  in  Berlin  (1848),  and  subsequently  Professor  Kxtra- 
ordinary  of  Physiology  at  the  University  of  Eonigsberg  (1849  to  1862).  He 
oecame  Professor  of  Physiology  at  the  University  of  Bonn  in  1865,  and  In 
1868  accepted  the  physiolo^cal  chair  in  the  University  of  Heidelberg.  The 
lecture  which  follows  was  delivered  at  Eonigsberg  in  1864.  He  is  an  emi- 
nent investigator,  and  an  able  promoter  of  the  recent  philosophy  of  forces ; 
but  of  his  life  we  have  fewer  particulars  than  of  his  accomplished  translator. 

The  ancestors  of  John  Tyndall  emigrated  from  England  to  the  eastern 
or  Saxon  border  of  Ireland  about  the  middle  of  the  last  century.  He  was 
bom  at  the  village  of  Leighlin  Bridge  in  1820,  where  he  recdved  his  early 
education  and  acquired  a  taste  for  mathematics.  In  1839  he  left  school 
and  joined  the  Ordnance  Survey  as  a  civil  assistant,  where  he  became  in 
turn  draughtsman,  computer,  surveyor,  and  tiigometrical  observer.  He  was 
five  years  connected  with  the  survey,  and  for  three  years  occupied  as  rail- 
road engineer.  In  1847  he  became  teacher  in  Queenswood  College  in  Hamp- 
shire, a  school  for  agriculturists  and  engineers,  where  he  was  distinguished 
for  his  mild  but  efficient  discipline.  Professor  Frankland,  the  chemist,  was 
here  joined  with  him  in  the  work  of  instmction,  and  in  1848  the  two  friends 
left  the  institution  and  went  to  the  University  of  Marburg  in  Hesse  Oasse^ 
to  study  with  the  eminent  chemist,  Bunsen.  In  1861  Professor  TyndaU 
went  to  Berlin  and  worked  at  the  subject  of  diamagnetism.  in  the  laboratory 
of  Professor  Magnus.  He  returned  to  London  the  same  year,  and  was 
elected  Fellow  of  the  Royal  Society  in  1862. 

Through  the  influence  of  Dr.  Bence  Jones,  General  Sabine,  and  Professor 
Faraday,  he  was  appointed  Professor  of  Natural  Philosophy  in  the  Royal 
Institution  in  1863,  an  appointment  which  he  now  holds.  In  company  with 
his  friend.  Professor  Huxley,  he  visited  the  Alps  in  1866 ;  and  returning  each 
succeeding  year,  he  accumulated  the  observations  and  adventures  which  are 
so  graphically  described  in  his  **  Glaciers  of  the  Alps,"  published  in  1860. 
Professor  Tyndall  has  worked  with  eminent  success  at  various  scientifio 
questions,  but  he  is  chiefly  distinguished  for  his  ori^nal  and  elaborate  re- 
searches on  the  relations  of  radiant  heat  to  gasegus  and  vaporous  matter. 
These  researches  are  given  in  his  able  work  on  *^  Heat  as  a  mode  of  Motion," 
issued  in  1868.  As  an  experimenter.  Professor  Tyndall  is  marked  for  his 
caution,  accuracy,  and  tireless  perseverance  under  difficulties ;  as  a  writer, 
for  his  clear,  vivid,  and  vigorous  style. 
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ANEW  conquest  of  very  general  interest  has  been  recently 
made  by  natural  philosophy.  In  the  following  pages,  I 
will  endeavour  to  give  a  notion  of  the  natiire  of  this  conquest. 
It  has  reference  to  a  new  and  universal  natural  law,  which 
rules  the  action  of  natural  forces  in  their  mutual  relations 
towards  each  other,  and  is  as  influential  on  our  theoretic 
views  of  natural  processes  as  it  is  important  in  th&ir  technical 
applications. 

Among  the  practical  arts  which  owe  their  progress  to  the 
development  of  the  natural  sciences,  from  the  conclusion  of 
the  middle  ages  downwards,  practical  mechanics,  aided  by 
the  mathematical  science  which  bears  the  same  name,  was 
one  of  the  most  prominent.  The  character  of  the  art  was,  at 
the  time  referred  to,  naturally  very  different  from  its  preseDt 
one.  Surprised  and  stimulated  by  its  own  success,  it  thought 
no  problem  beyond  its  power,  and  immediately  attacked  some 
of  the  most  difficult  and  complicated.  Thus  it  was  attempted 
to  build  automaton  figures  which  should  perform  the  functions 
of  men  and  animals.  The  wonder  of  the  last  century  was 
Vaucanson's  duck,  which  fed  and  digested  its  food ;  tlie  flute- 
player  of  the  same  artist,  which  moved  all  its  fi;jgers  cor- 


208  KOTES  AND  SEFEREN0E8. 

160.  Wood,  Heat  disengaged  in  Chemical  OombinatioDB  (FhiL  Hag.  186S^ 

162.  Andrews,  PhiL  Trans.  1844,  p.  21. 

Hess,  PoggendofTs  Annalen,  Bd.  lii.  p.  197. 

163.  Fayre,  Ann,  de  Ch.  et  de  Phys.  vols.  89,  40 ;  Oomptes  rendus^ 

y.oL  45,  p.  66,  and  yoL  46,  p.  SSY. 

169.  Catalysis  by  Platinum  (Dobereimsb,  Ann.  de  Ch.  et  de  Phys. 

xxiY.  p.  93  ;  DuLONG  and  Thenard,  Ann.  de  Ch.  et  de  Fhya. 
xxiii.  p.  440). 

170.  Groye,  Gas  Yoltuo  Battery  (PhiL  Mag.  February  1839,  and 

ber  1842 ;  Phil.  Trans.  1843,  p.  91). 

171.  MosoTTi)  Forces  which  regulate  the  Internal  Constitution  of  Bodief 

(Taylor^s  Scientific  Memoirs,  yoL  i.  p.  448). 

172.  Plvcker,  Repulsion  of  the  Optic  Axes  of  Crystals  by  the  Polee  of  a 

Magnet  (Taylor's  Scientific  Memoirs,  yoI  y.  p.  868). 
Magnetic  Action  of  Cyanite  (Lit.  Gaz.  1849,  p.  481). 

172.  Matteucoi,  Correlation  of  Electric  Current  and  NerYOUS  Fosoe  (Pfafl. 

Trans.  1850,  p.  287). 

173.  Carpenter,  On  the  Mutual  Relations  of  the  Vital  and  Fhymoal  Foroei 

(Phil.  Trans.  1860,  p.  761). 

174.  On  Effort    See  Brown,  Cause  and  Effect ;  Hsrschel's  Disoonrae ; 

and  Quarterly  Reyiew,  June  1841. 
176.  Helmholtz,  Muller's  ArchiYcs,  1846;  Matteuoci,  Oomptes  leodoi^ 

Paris,  1866  ;  Beolard,  ArcluYes  de  Medicine,  1861. 
189.  DuLONG  and  Petit,  Relation  between  Specific  Heat  and  Ghooiical 

EquiYalents  (Ann.  de  Ch.  et  de  Phys.  torn.  x.  p.  396). 
189.  Neumann,  Poggcndorff^s  Annalen,  Bd.  xxiii.  p.  1. 
Ayooadro,  Ann.  de  Ch.  et  de  Phys.  torn.  1y.  p.  80. 


THB  OtD   MEOHAHIOAL   PBOBLEU.  213 

IVom  these  efforts  to  imitate  living  creatures,  another  iden, 
rfao  by  a  nuBunderstanding,  soemB  to  liavc  developed  itself, 
wliicli,  tta  it  were,  formed  tlie  new  philosopher's  stone  of  the 
seventeenth  and  eighteenth  ceutories.  It  was  now  the  endeav- 
our to  construct  a  perpetual  motion.  Under  this  term  was  im- 
deratood  a  niaeliine,  which,  without  being  wound  up,  without 
consuming  in  tlie  working  of  it,  falling  water,  wind,  or  any 
other  natural  force,  should  still  continue  in  motion,  the  motive 
power  being  perpetually  supplied  by  Ite  machine  itself.  Beasts 
and  human  beings  seemed  to  correspond  to  the  idea  of  such  on 
apparatus,  for  they  moved  themBclvcs  energetically  and  inces- 
santly as  long  as  they  lived,  were  never  wound  np,  and  nobody 
set  them  in  motion.  A  connection  between  the  fak!ng-in  of 
nourishment  and  the  development  of  force  did  not  make  itself 
apparent.  The  nourishment  seemed  only  necessary  to  grease, 
as  it  were,  the  wheelwork  of  the  animal  machine,  to  replace 
what  was  used  up,  and  to  renew  the  old.  The  development 
of  force  out  of  itself  seemed  to  be  the  essential  peculiarity,  the 
real  quintessence  of  organic  life.  If,  therefore,  men  were  to 
be  constructed,  a  perpetual  motion  must  first  be  found. 

Another  hope  ako  seemed  to  take  np  incidentally  the  seo- 
ond  place,  which,  in  our  wiser  age,  would  certainly  have 
claimed  the  first  rank  in  the  thoughts  of  men.  The  perpethai 
motion  was  to  produce  work  inexhauaiibly  without  corre- 
sponding conatimption,  that  is  to  say,  out  of  nothing.  Work, 
however,  is  money.  Here,  therefore,  tlie  practical  problem 
which  the  cunning  heads  of  all  eenturiea  have  followed  in  the 
most  diverse  ways,  namely,  to  fabricate  money  out  of  notiing, 
invited  solution.  The  similarity  with  the  philosopher's  stone 
sought  by  the  ancient  chemists  was  complete.  That  also 
was  thought  to  contain  the  quintesaence  of  organic  life,  and  to 
be  capable  of  producing  gold. 

The  Bpiu-  which  drove  men  to  inquiry  was  sharp,  and  the 
talent  of  some  of  the  seekers  must  not  be  estimated  as  smalL 
The  nature  of  the  problem  was  quite  calculated  to  entice  por- 
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iiig  brains,  to  lead  them  round  a  circle  for  years,  deceiWng 
ever  with  new  espectationa,  which  vaiuBhed  upon  nearer  ap« 
proach,  and  finaUy  reducing  these  dupea  of  hope  to  open  ia- 
aanity.  The  phantom  could  not  be  graaped.  It  would  be 
impoaaible  to  give  a  hiatory  of  these  eiforts,  as  the  dearer 
heads,  among  whom  the  elder  Droz  must  be  ranked,  convinced 
themBelves  of  the  futility  of  their  experiments,  and  were 
naturally  not  inclined  to  apeak  much  about  them.  Bewildered 
intellects,  however,  proclabned  often  enough  that  they  had 
discovered  the  grand  secret ;  and  aa  the  incorreetaess  of  their 
proceedings  was  always  speedily  manifeat,  the  matter  fell  into 
bad  repute,  and  the  opinion  strengthened  itaeif  more  and  more 
that  the  problem  waa  not  capable  of  aolution ;  one  difficulty 
after  another  was  brought  under  the  dominion  of  mathemati- 
cal mechanics,  and  finally  a  point  was  reached  where  it  could 
be  proved,  that,  at  loaat  by  the  use  of  pure  mechanical  forces, 
no  perpetual  motion  coold  be  generated. 

We  have  here  arrived  at  the  idea  of  the  driTing  force  or 
power  of  a  machine,  and  shall  have  much  to  do  with  it  in 
fiiture.  I  must,  therefore,  give  an  explanation  of  it.  The 
idea  of  work  is  evidently  transferred  to  machines  by  compar- 
ing their  arrangements  with  those  of  men  and  animals  to 
replace  which  they  were  applied.  We  still  reckon  the  work 
of  steam  engines  according  to  horse-power.  The  value  of 
manual  labor  is  determined  partly  by  the  force  which  is  ex- 
pended ia  it  (a  strong  laborer  is  valued  more  highly  than  a 
weak  one)j^partly  however,  by  the  skill  which  is  brought  into 
"  aciTon.  A  machine,  on  the  contrary,  which  executes  work 
skiliully,  can  always  be  mvdtiplied  to  any  extent ;  hence  its 
skill  haa  not  the  liigji  value  of  human  skill  in  domaina  where 
the  latter  cannot  be  supplied  by  machines.  Thus  the  idea  of 
the  quantity  of  work  in  the  case  of  machines  has  been  liroited 
to  the  consideration  of  the  expenditure  offeree  ;  this  was  the 
more  important,  as  indeed  moat  machines  are  constructed  for 
the  PTpreas  pur^wse  of  exceeding,  by  the  muguitude  of  their 
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te,  the  powers  of  men  aiid  atmnala.  Hence,  in  ft  mechani- 
cal sense,  the  idea  of  work  is  become  identical  with  tliat  of 
Ihe  expenditure  of  force,  and  in  this  way  I  wiU  apply  it. 

How,  then,  can  we  measure  this  espeaditure,  and  compare  ' 
it  in  the  ease  of  different  machines  ? 

I  must  here  conduct  you  a  portion  of  the  way — as  short  a 
portion  as  possible — over  the  uninyiting  field  of  mathematico- 
mechanieal  ideas,  in  order  to  bring  you  to  a  point  of  view  from 
•  which  a  more  rewarding  prospect  wHl  open.  And  though  the 
example  which  I  shall  here  ehooae,  namely,  that  of  a  watei^ 
mill  with  iron  hammer,  appears  to  he  tolerably  romantic,  still, 
alas,  I  must  leave  the  dark  forest  valley,  the  spark-emitting 
anvil,  and  the  black  Cyclops  wholly  out  of  sight,  and  beg  a 
moment's  attention  to  the  less  poetic  side  of  the  question, 
namely,  the  machinery.  This  is  driven  by  &  water-wheel  which 
in  its  turn  is  set  in  motion  by  the  felling  wafer.  The  asle  of  the 
water-wheel  has  at  certain  places  small  projeclions,  ihumhs, 
which,  during  the  rotation,  lift  the  heavy  hammer  and  permit 
it  to  fall  again.  The  falling  hammer  belabors  the  mass  of 
metal,  wbich  ia  introduced  beneath  it.  The  work  therefore 
done  by  the  macliiae  consists,  in  this  case,  in  the  lifting  of  the 
hammer,  to  do  which  the  gravity  of  the  latter  must  be  over- 
Gonke.  The  cxpendituro  offeree  wiQ,  in  the  first  place,  other 
circnmstances  being  equal,  be  proportioned  to  the  weight  of 
the  hammer ;  it  will,  for  example,  be  double  when  the  weight 
of  the  hammer  is  doubled.  But  the  action  of  the  hammer 
depends  not  upon  its  weight  alone,  but  also  upon  the  height 
from  which  it  falls.  If  it  falls  through  two  feet,  it  will  pro- 
duce a  greater  effect  than  if  it  falls  through  only  one  foot.  It 
is,  however,  clear  that  if  the  machine,  with  a  certain  expendi- 
tare  of  force,  lifts  the  hammer  a  foot  in  height,  the  same 
amount  of  force  must  be  expended  to  raise  it  a  second  foot  in 
height.  The  work  is  therefore  not  only  doubled  when  the 
weight  of  the  hammer  is  increased  twofold,  hut  also  when  tlie 
e  through  which  it  fells  is  doubled.     From  this  it  is  eaaj 
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to  Bee  thaft  the  work  miiat  be  measured  by  llie  product  of  tha 
wuight  mto  tbe  space  through  which  it  ascends.  And  iu  thia. 
way,  indeed,  do  we  meaBUre  in  mechanics. 

The  unit  of  work  is  .a  foot-pound,  that  is,  a  pound  weight 
raised  to  the  height  of  one  foot. 

Wbile  the  work  in  thia  caao  conBialB  in  the  raising  of  the 
heavy  hammer-head,  the  driving  force  which  sets  the  latter  in 
motion,  is  generated  by  falh'ng  water.  It  is  not  necessary 
that  the  water  should  fall  vertically,  it  can  also  flow  in  a 
moderately  inclined  bed ;  but  it  must  alwaya,  where  it  Las 
water-milla  to  Bet  in  niotion,  uiove  Irom  a  higher  to  a  lower 
poBition.  Experiment  and  theory  coincide  in  teaching,  that 
when  a  hammer  of  a  hundred  weight  is  to  be  raised  one  foot, 
to  accompbsh  this  at  least  a  hundred  weight  of  water  mast 
fall  through  the  space  of  one  foot ;  or  what  is  equivalent  to 
this,  two  hundred  weight  must  fall  full  half  a  fool,  or  four  hun- 
dred weight  a  quarter  of  a  foot,  etc.  In  ehori,  if  we  multiply 
the  weig^it  of  the  falling  water  by  the  height  through  which  it 
falls,  and  regard,  &s  before,  the  product  as  the  measure  of  the 
work,  then  the  work  performed  by  the  machine  in  raiBinglhs 
hammer,  can,  iu  the  most  favom-ablc  case,  be  only  equal  to  the 
number  of  foot-pounda  of  water  which  have  fallen  in  the  same 
time.  In  practice,  indeed,  tbia  ratio  ia  by  no  means  attained ; 
a  great  portion  of  the  work  of  the  falling  water  escapes  tmosed, 
inasmuch  aa  part  of  the  force  is  wiUingly  Eacrlficed  for  the 
Bake  of  obtaining  greater  speed. 

I  will  further  remark,  that  ibis  relation  remains  unchanged. 
whether  the  hammer  is  driven  immediately  by  the  axle  of  the 
wheel,  or  whether — by  the  intervention  of  wheel-work,  end- 
Ipsa  screws,  pulleys,  ropes — the  motion  is  transferred  to  the 
hammer.  We  may,  indeed,  by  such  arrangemenls,  ancceed 
in  raising  a  hammer  of  ten  hundred  weight,  when  by  the  first 
simple  arrangement,  the  elevation  of  a  hammer  of  one  hundred 
weight  might  alone  be  posaiblo  ;  but  either  tliig  heavier  hain> 
mer  is  raised  lo  only  one  tenth  of  the  height,  or  l«nfold  tho 
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e  is  required  to  raise  it  lo  the  same  height ;  so  that,  how- 
ever we  may  alter,  by  the  interposition  of  inachiaexy,  the  in- 
tensity of  the  acting  force,  still  in  a  certain  time,  during  wliich 
(be  mill-stream  furnishes  ns  with  a  definite  quantity  of  water, 
a  certain  definite  quantity  of  worlc,  and  no  more,  can  be  per- 
formed. 

Our  machinery,  therefore,  haa,  in  the  first  plane,  done 
QOthing  more  than  make  use  of  the  gravity  of  the  falling  w*- 
ter  in  order  to  overpower  the  gravity  of  the  hammpr,  and  to 
raise  the  latter.  When  it  has  lifted  the  hanmier  to  the  neeca- 
sary  height,  it  again  liberates  it,  and  the  hammer  faUs  upon 
the  metal  mass  which  is  pushed  beneath  it  But  why  docs 
the  falling  hammer  here  exercise  a  greater  force  than  when  it 
is  permitted  simply  to  press  with  its  own  weight  on  the  raaaa 
of  metal?  Wliy  is  its  power  greater  as  the  height  from  wliich 
it  falls  is  increased?  We  find,  ia  fact,  that  the  work  per- 
formed by  the  hammer  ia  determined  by  its  velocity.  In 
other  caaea,  also,  the  velocity  of  moving  maascs  ia  a  means  ol 
producing  great  eflccts.  I  only  remind  you  of  the  deatructiva 
effects  of  musket-bullets,  which,  in  a  state  of  rest,  are  the  most 
harmless  things  in  the  world.  I  remind  you  of  the  wind-mill, 
which  derives  its  force  from  the  moving  air.  It  may  appear 
surprising  that  motion,  which  wo  are  accustomed  to  regard  aa 
a  non-essential  and  transitory  endowment  of  bodies,  can  pro- 
duce  euch  great  cfTccta.  But  the  fact  is,  that  motion  appears 
to  ua,  under  ordinary  circnmstances,  transitory,  because  the 
movement  of  aU  terrestrial  bodies  is  resisted  perpetually  by 
other  forces,  friction,  resistance  of  the  air,  etc.,  so  that  motion 
ia  incessantly  weakened  and  finally  neutralized.  A  body, 
however,  which  is  opposed  by  no  resisting  force,  when  once 
eel  in  motion,  moves  onward  eternally  with  undiminished 
velocity.  Thus  we  know  that  (he  planetary  bodies  have 
moved  without  change,  through  space,  for  thousands  of  years. 
Only  by  resisting  forces  can  motion  be  dimimahed  or  destroyed, 
jfc.  moving  body,  such  as  the  hammer  or  the  musket-ball,  whoa 
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it  Strikes  against,  anotlier,  presses  the  latter  logetluir,  or  pene- 
tralia it,  until  tlie  Buin  of  tlie  resisting  forces  which  the  hody 
etrack  presents  to  its  pressure,  or  to  the  separation  of  its  par- 
ticICB,  ia  Bufficicntly  great  to  destroy  the  motion  of  the  ham- 
nior  or  of  the  bullet.  The  motion  of  a  maiis  regarded  at 
taking  the  place  of  working  force  is  called  the  Lving  force  (wl 
viva)  of  the  mass.  The  word  "  living  "  lias  of  course  hera 
DO  reference  whatever  to  hring  beinga,  but  ie  intended  to  rep* 
resent  solely  the  force  of  the  motion  aa  distinguished  from  the 
state  of  unchanged  rest — irom  the  gravity  of  i 
body,  for  example,  which  producee  an  incessant  ] 
against  the  surface  which  supports  it,  but  does  not  product 

In  the  case  before  us,  therefore,  we  had  first  power 
form  of  a  faUing  mass  of  water,  then  in  the  form  of  a  lifted 
hammer,  and,  thirdly,  in  the  form  of  the  living  force  of  th( 
fallen  hammer.     We  ahoulil  transform  the  third  form  into  thi 
second,  if  we,  for  example,  permitted  the  hammer  to  fall  npott 
a  highly  elaatic  ateel  beam  strong  enough  to  resist  the  shoclu 
The  hammer  would  rebound,  and  in  the  most  favourable  cai 
would  reach  a  height  equal  to  that  from  which  it  fell,  bi 
would  never  rise  higher.     In  this  wayila  mass  would  ascend! 
and  at  the  moment  when  its  highest  point  has  been  attained| 
it  would  represent  the  same  number  of  raised  foot-pounds  ai 
before  it  fell,  never  a  greater  number ;  tliat  is  to  say,  Jiving 
force  can  generate  the  same  amount  of  work  as  that  ex,' 
pcndcd  in  its  production.     It  is  therefore  equivalent  to  tlui 
quantity  of  work. 

Our  clocks  are  driven  by  means  of  sinking  weights,  an( 
our  watches  by  means  of  the  tension  of  springs. 
which  lies  on  the  ground,  an  elaslic  spring  whidi  is  without 
tension,  can  produce  no  cfFects  ;  to  obtain  such  we  must 
raise  the  weight  or  impart  tension  to  the  spring,  which  tl 
accompliahcd  when  we  wind  up  our  clocks  and  watches. 
The  man  who  winds  the  clock  or  watch  communicates  to  thfl 
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•  to  the  spring  a  certain  amoant  of  power,  and  ex- 
actly so  much  aa  ia  thus  eonununiealed  ia  gradually  giveu  out 
again  daring  the  following  tweutj-four  houra,  the  original 
force  being  thus  slowly  consnnied  to  overcome  the  fi'iction  of 
the  wheels  and  the  resistance  which  the  pendulum  encoimters 
trom  the  air.  The  wheel-work  of  the  clock  therefore  eshihitB 
no  working  force  which  was  not  previously  eommunicaled  to 
it,  but  simply  distributee  tho  force  given  to  it  uniformly  over 
a  longer  thne. 

Into  the  chamber  of  an  air-gun  wc  squeeze,  by  means  of 
a  condensing  air-pump,  a  groat  quantity  of  air.  When  we 
ai^rwards  open  the  cock  of  a.  gun  and  admit  the  compressed 
air  into  the  barrel,  the  ball  is  driven  out  of  the  latter  with  a 
force  similar  to  that  exerted  by  ignited  powder.  Now  we 
may  determine  the  work  consumed  in  the  pumping-in  of  the 
air,  and  the  living  force  which,  upon  fii-ing,  is  communicated 
to  the  haU,  but  we  shall  never  find  the  latter  greater  than  the 
former.  The  compreaaed  tur  has  generated  no  working  force, 
but  simply  gives  to  the  buEet  that  which  has  been  previously 
communicated  to  it.  And  while  we  have  pumped  for  porhapa 
a  quarter  of  an  hour  to  charge  the  gun,  the  force  is  expended 
in  a  few  seconds  when  the  bullet  is  discharged ;  but  because 
flie  action  is  compressed  into  bo  short  a  time,  a  much  grealer 
velocity  is  imparted  to  the  ball  than  would  be  possible  to  com- 
municate to  it  by  the  unaided  effort  of  the  arm  in  throw- 

From  these  examples  you  observe,  and  the  mathematical 
theory  has  corroborated  this  for  all  purely  mechanical,  that  ia 
to  say,  for  nioving  forces,  that  aH  our  macliinery  and  apjiara- 
tua  generate  no  force,  but  simply  yield  up  the  power  com- 
•  municated  to  them  by  natural  forces, — falling  water,  moving 
wind,  or  by  the  mnaclea  of  men  and  animals.  After  tliis  law 
'\.jd  been  estabhshed  by  the  gi-cat  mathemaliciana  of  the  last 
century,  a  perpetual  motion,  which  should  make  only  use  of 
,    fmre  mechanical  Ibrcea,  such  as  gravity,  elasticity,  pressure  of 
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liquids  and  gaaes,  could  only  be  songht  after  by  bewilderd 
and  ill-instructed  people.  But  there  are  etill  other  natura 
forces  which  are  not  reckoned  among  the  purely  i 
forces, — heat,  electricity,  magnetism,  light,  chemic^  forces 
aU  of  which  neyertheleas  stand  in  manifold  relation  to  mi 
chanical  processes.  There  ia  hardly  a  natural  process  to  I 
found  which  is  not  accompanied  by  mechanical  actions,  t 
from  which  mechanical  work  may  not  he  derived.  Here  th 
question  of  a  perpetual  motiou  Tcmaincd  open  ;  the  dedsio] 
of  thin  question  luarke  the  progresa  of  modern  physics. 

In  the  case  of  the  air-gun,  the  work  to  be  accomplished  ii 
the  propulsion  of  the  ball  was  given  by  the  arm  of  the  n 
wlio  pumped  in  the  air.  In  ordinary  firearms,  the  condensoi 
mass  of  air  which  propcla  the  bullet  is  obtained  in  a  totally 
different  manner,  namely,  hy  the  eombustion  of  the  powden 
GnnpowdeT  is  transformed  by  combustion  for  the  m.oat  p 
into  gaseous  products,  which  endeavor  to  occapy  a  mi 
larger  space  than  that  previously  taken  up  by  the  volume  a 
the  powder.  Thus,  yon  see,  that,  by  the  use  of  gitnpowdei 
the  work  which  the  human  arm  must  accomplish  in  the  cm 
of  the  air-gan  is  spared. 

In  the  mightiest  of  our  machines,  the  steam  en^ae,  it  ia 
strongly  compressed  auriform  body,  water  vapour,  which,  b 
its  effort  to  expand,  sets  the  machine  in  motion.     Here  a 
we    do   not  condense   the  ateam  by  means  of  an  extern 
mechanical  force,  but  by  communicating  heat  to  a  mosa  i 
water  in  a  cloacd  boiler,  we  change  tliis  water  into  steu 
which,  in  conaequence  of  the  limits  of  the  space,  is  develope; 
under  strong  pressure.     In  this  case,  therefore,  it  ia  the  hea 
commimicated  which  geoeratea  the  mechanical  force, 
heat  thus  neceasary  for  the  machine  we  might  obtain  in 
ways  ;  the  ordin.iry  method  is  to  procure  it  &om  the  combM 
LioQ  of  coal. 

Combustion  is  a  chemical  process.     A  particular  coastitq 
ent  of  our  atn^o.-pliere,  oxygen,  possesses  a  strong  force  a 


I^ODPOTIOB   OF  FOBOE   BY   OOMBDBTION. 


221 


ractioQ,  or,  aa  it  is  named  in  chenuBtrj,  a  slrong  affinity 
)  cionstitnenta  of  the  comlnislible  body,  witidi  afliniiy, 
er,  in  most  caaee,  con  only  exert  ilsdf  at  Idgli  tcmpcra- 
Aa  aoon  as  a  portion  of  tlie  eombustible  boUy.  for  eji- 
Braple  the  coal,  is  sufficiently  heated,  the  carbon  unili^a  itself 
\rith  great  violence  to  the  oxygen  of  the  atmosphere  and  fornu 
a  peculiar  gas,  carbonic  acid,  the  same  which  we  see  Ibaming 
nbeer  and  champagne.  By  this  combination,  light  and  heat 
b  generated  ;  heat  is  generally  developed  by  any  combination 
t'  two  bodies  of  strong  affinity  for  each  other ;  and  when  Iho 
tense  enough,  light  appears.  Hence,  in  the  steam 
is  chemical  processes  aad  chemical  forces  which  pro- 
e  tlie  astonishing  work  of  these  machines.  In  like  manner 
1^  combustion  of  gunxrawder  is  a  cliemical  process,  which, 
Bthe  barrel  of  the  gnu,  communicates  living  force  to  the 

I  WHle  now  the  steam  engine  develops  for  us  mechanical 
Wt  out  of  heat,  we  can  conversely  generate  heat  by  raeehanj- 
A  skilful  blacksmith  can  render  an  iron  wodgo  red 
>t  by  hammering.  The  axles  of  our  carriages  must  be  pro- 
tected by  carcfiil  greasing,  from  ignition  tlirongh  friction. 
Even  lately  tJiia  property  has  been  applied  on  a  large  scale.  In 
some  factories,  where  a  surplus  of  water  power  is  at  hand,  (his 
surplus  is  applied  to  cause  a  strong  iron  plate  lo  rotate  swiftly 
upon  another,  so  that  they  become  strongly  heated  by  the  fric- 
tion. The  heat  so  obtained  warms  the  foom,  and  thus  a  stove 
without  fuel  is  provided.  Kow,  could  not  the  heat  generated 
by  the  plates  be  apphed  to  a  small  steam  engine,  which,  in  its 
turn,  should  be  able  lo  keep  the  rubbing  plates  in  motion? 
The  perpetual  motion  would  thus  be  at  length  found.  This 
question  might  be  asked,  and  could  "Dot  be  decided  by  (he 
older  malhematieo-mechauical  investigations.  I  will  remark, 
beforehand,  that  the  general  law  which  I  will  lay  before  you 
answers  the  question  in  the  negative. 

By  a  similar  plan,  however,  a  speculative  American  act 


some  time  ago  the  mdiistrial  world  of  Europe  in  esciten 
The  magneto -electric  machines  often  made  use  of  in  the 
of  rheumatic  disorders  are  weU  known  to  the  public.  Bj 
imparting  a  swift  rotation  to  the  magnet  of  such  a  machine, 
we  obtain  powerful  currents  of  electricity.  If  those  be 
ducted  through  water,  the  latter  will  be  reduced  into  ita  tW3 
components,  oxygon  and  hydrogen.  £y  the  combustion  of 
hydrogen,  water  is  again  generated.  If  this  combustion  takes 
plaCC)  not  in  atmospheric  air,  of  which  oxygen  only  conjti- 
tutes  a  fifth  part,  but  in  pure  oxygen,  and  if  a  bit  of  chalk  he 
placed  in  the  flame,  the  chalk  will  be  raised  to  a  whit^  t< 
and  give  us  the  sun-like  Dnimmond'a  light.  At  the  same 
time,  the  flame  develops  a  considerable  quantity  of  heat. 
Our  American  proposed  to  utilize  in  this  way  the  gasei 
obtained  from  electrolytic  decomposition,  and  asserted  that  by 
the  combustion  a  sufficient  amount  of  heat  was  generated  to 
keep  a  small  steam  engine  in  action,  wliich  again  drove  his 
magneto-electric  machine,  decomposed  the  water,  and  thus 
continually  prepared  its  own  fuel.  This  would  certainly  bava 
been  the  most  splendid  of  all  discoveries ;  a  perpetual  m.otion 
wliich,  besides  the  force  which  kept  it  going,  generated  light 
like  the  sun,  and  warmed  aU  ai-ound  it.  The  matter  was  by 
Eo  means  badly  cogitated.  Each  practical  step  in  the  affair 
was  known  to  be  possible  ;  but  those  who  at  that  time  wera 
acqnaintcd  with  the  physical  investigations  which  bear  upon 
this  subject  could  have  affirmed,  on  the  first  hearing  the 
report,  that  the  matter  was  to  be  mmibered  among  the  numer* 
OUB  stories  of  the  fable-rich  America ;  and  indeed,  a  fable  it 
remained. 

It  is  not  necessary  to  midtiply  examples  further.  You 
will  infer  from  those  given,  in  what  immediate  connection 
heat,  electricily,  magnetism,  light,  and  cheudcal  afSnity,  stand 
with  mechanical  forces. 

Starting  from  each  of  these  difierent  manifestations  of 
natural  forces,  we  can  set  every  other  in  motion,  for  the  most 
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part  not  in  one  way  merely,  but  in  many  ways.     Il  is  here  as 
¥rith  the  weaver's  web, — 

Where  a  step  stirs  a  thousand  threads, 

The  shuttles  shoot  from  side  to  side, 

The  fibres  flow  unseen, 

And  one  shock  strikes  a  thousand  combinations. 

• 

Now  it  is  clear  that  if  by  any  tneans  we  could  succeed,  as 
the  above  American  professed  to  have  done,  by  mechanical 
forces,  to  excite  chemical,  electrical,  or  othef  natural  pro- 
cesses, which,  by  any  circuit  wliatever,  and  without  altering 
permanently  the  active  masses  in  the  machine,  could  produce 
mechanical  force  in  greater  quantity  than  that  at  first  applied, 
a  portion  of  the  work  thus  gained  might  be  made  use  of  to 
keep  the  machine  in  motion,  while  the  rest  of  the  work  might 
be  applied  to  any  other  purpose  whatever.  The  problem 
was,  to  find  in  the  complicated  net  of  reciprocal  actions,  a 
track  through  chemical,  electrical,  magnetical,  and  thermic 
processes,  back  to  mechanical  actions,  which  might  be  followed 
with  a  final  gain  of  mechanical  work ;  thus  would  the  perpet- 
ual motion  be  found. 

But,  warned  by  the  futility  of  former  experiments,  the 
public  had  become  wiser.  On  the  whole,  people  did  not  seek 
much  after  combinations  which  promised  to  furnish  a  perpetual 
motion,  but  the  question  was  inverted.  It  was  no  more 
asked.  How  can  I  make  use  of  the  known  and  unknown  rela- 
tions of  natural  forces  so  as  to  construct  a  perpetual  motion  ? 
but  it  was  asked,  K  a  perpetual  motion  be  impossible,  what 
are  the  relations  which  must  subsist  between  natural*  forces  ? 
Everything  was  gained  by  this  inversion  of  the  question. 
The  relations  of  natural  forces  rendered  necessary  by  the 
above  assumption,  might  be  easily  and  completely  stated.  It 
was  found  that  aU  known  relations  of  force  harmonize  with 
the  consequences  of  that  assumption,  and  a  series  of  unknown 
relations  were  discovered  at  the  same  time,  the  correctness  of 
12 
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which  remained  to  be  proved.     If  a  single  one  of  them  could 
be  proved  false,  then  a  perpetual  motion  would  be  possible. 

The  first  who  endeavoured  to  travel  this  way  was  a  French 
man,  named  Camot,  in  the  year  1824.  In  spite  of  a  too 
limited  conception  of  his  subject,  and  an  incorrect  view  as  to 
the  natiu-e  of  heat,  which  led  him  to  some  erroneous  conclti- 
sions,  his  experiment  was  not  quite  unsuccessful.  He  dis- 
covered a  law  which  now  bears  his  name,  and  to  which  I  will 
return  further  On. 

His  labors  remained  for  a  long  time  without  notice,  and  it 
was  not  till  eighteen  years  afterwards,  that  is,  in  1842,  that 
different  investigators  in  different  countries,  and  independent 
of  Camot,  laid  hold  of  the  same  thought. 

The  first  who  saw  truly  the  general  law  here  referred  to, 
and  expressed  it  correctly,  was  a  German  physician,  J.  R. 
Mayer,  of  Heilbronn,  in  the  year  1842.  A  little  later,  in 
1843,  a  Dane,  named  Colding,  presented  a  memoir  to  the 
Academy  of  Copenhagen,  in  which  the  same  law  found  utter- 
ance, and  some  experiments  were  described  for  its  further 
corroboration.  In  England,  Joule  began  about  the  same  time 
to  make  experiments  having  reference  to  the  same  subject. 
We  often  find,  in  the  case  of  questions  to  the  solution  of 
wliich  the  development  of  science  points,  that  several  heads, 
quite  independent  of  each  other,  generate  exactly  the  same 
series  of  reflections. 

I  myself,  without  being  acquainted  with  either  Mayer  or 
Colding,  and  having^  first  made  the  acquaintance  of  Joule's 
experiments  at  the  end  of  my  investigation,  followed  the  same 
path.  I  endeavoured  to  ascertain  all  the  relations  between  the 
different  natural  processes,  which  followed  from  our  regarding 
them  from  the  above  point  of  view.  My  inquiry  was  made 
public  in  1847,  in  a  small  pamphlet  bearing  the  title,  *'  On 
the  Conservation  of  Force." 

Since  that  time  the  interest  of  the  scientific  public  for  this 
subject  has  gradually  augmented.     A  great  number  of  tho 
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essential  consequences  of  the  above  manner  of  viewing  the 
subject,  the  proof  of  which  was  wanting  when  the  first 
theoretic  notions  were  published,  have  since  been  confirmed 
bj  experiment,  particularly  by  those  of  Joule ;  and  during 
the  last  year  the  most  eminent  physicist  of  France,  Regnault, 
has  adopted  the  new  mode  regarding  the  question,  and  by 
fresh  investigations  on  the  specific  heat  of  gases  has  contri- 
buted much  to  its  support.  For  some  important  consequences 
the  experimental  proof  is  still  wanting,  but  the  number  of 
confirmations  is  so  predominant,  that  I  have  Qot  deemed  it 
too  early  to  bring  the  subject  before  even  a  non-scientifio 
audience. 

How  the  question  has  been  decided  you  may  already  infer 
from  what  has  been  stated.  In  the  scries  of  natural  processes 
there  is  no  circuit  to  be  found,  by  which  mechanical  force  can 
be  gained  without  a  corresponding  consumption.  The  per- 
petual motion  remains  impossible.  Our  reflections,  however, 
gain  thereby  a  higher  interest. 

We  have  thus  far  regarded  the  development  of  force  by 
natural  processes,  only  in  its  relation  to  its  usefulness  to  man, 
as  mechanical  force.  You  now  see  that  we  have  arrived  at  s 
general  law,  which  holds  good  wholly  independent  of  the 
application  which  man  makes  of  natural  forces ;  wo  must 
therefore  make  the  expression  of  our  new  law  correspond  to 
this  more  general  significance.  It  is  in  the  first  place  clear, 
that  the  work  which,  by  any  natural  process  whatever,  is  per- 
formed under  favourable  conditions  by  a  machine,  and  which 
may  be  measured  in  the  way  already  indicated,  may  be  used 
as  a  measure  of  force  common  to  all.  Further,  the  impor- 
tant question  arises,  "  If  the  quantity  of  force  cannot  be  aug- 
mented except  by  corresponding  consumption,  can  it  be 
diminished  or  lost?  For  the  purpose  of  our  machines  it  cer- 
tainly can,  if  we  neglect  the  opportunity  to  convei-t  natural 
processes  to  use,  but  as  investigation  has  proved,  not  for  a 
nature  as  a  whole." 
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In  the  collision  and  friction  of  bodies  against  each  other, 
the  mechanics  of  former  years  assumed  simply  that  living 
force  -WBM  lost.  But  I  have  already  elated  that  each  collision 
and  each  act  of  friction  generates  heat ;  aod,  m.oreorer,  Joule 
has  establiahed  by  experiment  the  important  law,  that  for 
every  foot-pound  of  force  which  is  lost,  a  definite  quantity  of 
heat  is  always  generated,  and  that  when  work  ia  performed 
by  the  consnmption  of  heat,  for  each  fool-pound  thus  gained  a 
definite  quantity  of  heat  disappears.  The  quantily  of  heat 
necesaary  to^aiae  the  temperature  of  a  pound  of  water  a  de- 
gree of  the  centigrade  thermometer,  corrcBponda  to  a  mediBni- 
cal  foree  by  which  a  pound  weight  would  be  raised  to  tho 
height  of  1350  feet ;  we  name  this  quantity  the  mechanical 
equivalent  of  heat.  I  may  mention  here  that  these  facts  c 
dnct  of  necessity  to  the  conclusion,  that  the  heat  is  not, 
was  formerly  imagined,  a  fine  imponderable  substance,  but 
that,  like  light,  it  is  a  peculiar  ahiveriog  motion  of  tlie  ulti- 
mate particles  of  bodies.  In  coUiaion  and  friction,  accordi 
to  this  manner  of  viewing  tho  subject,  the  motion  of  tlio  ms 
of  a  body  which  is  apparently  loat  la  converted  into  a  motion 
of  the  ultimate  particles  of  the  body  ;  and  conversely,  when 
mechanical  force  is  generated  by  heat,  the  motion  of  the  ulti- 
mate particles  is  converted  into  a  motion  of  the  mass. 

Chemical  combinations  generate  heat,  and  the  quantity  of 
this  heat  is  totally  independent  of  the  time  and  steps  through 
which  the  combination  has  been  effected,  provided  that  other 
actions  are  not  at  the  same  time  brought  into  play.  If,  however, 
mechanical  work  is  at  the  same  time  accomplished,  as  in 
case  of  the  steam  engine,  we  obtain  as  much  less  heat  a 
equivalent  to  this  work.  The  quantity  of  work  produced  by 
chemical  force  is  in  general  veiy  great.  A  pound  of  the 
purest  coal  gives,  when  burnt,  sufficient  heat  to  raise  the  tem- 
perature of  8086  pounds  of  water  one  degree  of  the  ce 
grade  thermometer ;  from  this  we  can  calculate  that  the  mng- 
nilude  of  the  chemical  force  of  attraction  between  the  parti- 
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dea  of  a  pound  of  coal  and  ihe  quantity  of  oxygen  that  corro- 
Bponda  to  it,  ia  capable  of  lifting  o  weigh!  of  one  hundrud 
pounds  to  a  hoight  of  twenty  miles.  Unfortunately,  ia  our 
steam  engines,  we  have  hitherto  been  able  to  gain  only  the 
emaUeat  portion  of  this  work  ;  the  greater  part  13  lost  in  the 
shape  of  heat.  The  best  expansive  engines  give  back  as 
mechanical  work  only  eighteen  per  cent,  of  the  heat  generated 
by  the  fuel. 

From  a  similar  investigation  of  all  the  other  known  jihysi- 
cal  and  chemical  processes,  we  arrive  at  the  conclusion  that 
Nature  as  a  whole  possesses  a  store  of  force  which  cannot  in 
any  way  be  either  increased  or  dlminiahed.  And  that,  there- 
fore, the  quantity  of  force  in  nature  ia  just  as  eternal  and 
unalterable  as  the  quantity  of  matter.  Expreesed  in  this  form, 
I  have  named  the  general  law  ^'  The  Principle  of  the  Conser 
ration  of  Force." 

We  cannot  create  mechanical  force,  hut  we  may  help  our- 
selves from  the  general  store-house  of  Nature.  The  brook 
and  the  wind,  which  drive  our  mills,  the  forest  and  the  coal- 
bed,  which  supply  our  steam  engines  and  warm  our  rooms, 
are  to  us  the  bearers  of  a  small  portion  of  the  great  natural 
supply  which  we  draw  upon  for  oar  purposes,  and  the  actious 
of  which  we  can  apply  as  we  think  fit.  Tlie  posaessor  of  a 
mill  claims  the  gravity  of  the  descending  rivulet,  or  the  living 
force  of  the  moving  wind,  as  his  posaeasion.  These  por- 
tions of  the  store  of  Nature  are  what  give  his  properly  its 
chief  value. 

Further,  from  the  ftfct  that  no  portion  of  force  can  be 
absolutely  lost,  it  does  not  follow  that  a  portion  may  not  be 
inapplicable  to  human  purposes.  In  this  respect  the  infer- 
ences drawn  by  William  Thomson  from  the  law  of  Camot 
are  of  importance.  This  law,  which  was  discovered  by  Car- 
DOt  duriug  his  endeavours  to  ascertain  the  relations  between 
heat  and  mechanical  force,  which,  however,  by  no  means 
belongs  to  the  Lecessary  con^eqncnccB  of  the  conservation  of 
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force,  ami  which  Ckmaius  was  the  first  to  modify  in  such  a 
marnier  that  it  no  longer  contradicted  the  above  general  law, 
expresses  a  certain  relation  between  the  compresailulity,  tha 
capacity  for  heat,  and  the  expansion  by  heat  of  all  bodies.  It 
ia  not  yet  conaidered  as  actually  proved,  but  some  remarkabla 
deductions  having  been  drawn  from  it,  and  afterwards  proved 
to  be  facts  by  experiment,  it  has  atlained  thereby  a  great 
degree  of  probabihty.  Besides  tlie  mathematical  form  in 
■which  tlie  law  was  flrat  expressed  by  Camot,  we  can  give  it 
tlie  following  more  general  expression : — "  Only  when  heat 
passes  from  a  warmer  to  a  colder  body,  and  even  then  only 
partially,  can  it  ho  converted  into  mechanical  work." 

The  heat  of  a  body  which  wo  caanot  cool  further,  cam 
be  changed  into  another  form  of  force ;  into  the  electric  or 
chemical  force,  for  example.  Thna,  in  our  steam  engines, 
we  convert  a  portion  of  the  heat  of  the  glowing  coal  into 
work,  by  pennitting  it  to  pass  to  the  less  warm  waler  of  the 
boiler.  If,  however,  all  the  bodies  in  nature  had  the  same 
temperature,  it  would  bo  impossible  to  convert  any  portion  of 
their  heat  into  mechanical  work.  According  to  this,  we  can 
divide  the  total  force  store  of  tlie  universe  into  two  parts,  one 
of  which  is  heat,  and  must  continue  to  be  such ;  the  other,  to 
wliicli  a  portion  of  the  heat  of  the  warmer  bodies,  and  the 
total  supply  of  chemical,  mechanical,  electrical,  and  magaeti- 
cal  forces  belong,  is  capable  of  the  most  varied  changes  of 
form,  and  constitutes  the  whole  .wealth  of  change  which  takes 
place  in  nature. 

Bat  the  heat  of  the  warmer  bodies  strives  perpetually  to 
pass  to  bodies  less  warm  by  raditiou  and  conduction,  and  thug 
to  establish  an  equilibrium  of  temperature.  At  each  motion 
of  a  terrestrial  body,  a  portion  of  mechanical  force  passes  by 
friction  or  collision  into  heat,  of  which  only  a  part  can 
converted  back  again  into  mechanical  force.  This  is  also 
generally  the  case  in  every  electrical  and  chemical  proceea. 
From  this,  it  follows  that  the  first  portion  of  the  store  of  force* 
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the  onchangeable  beat,  is  angmented  by  every  natnral  pro- 
cess, while  the  second  portion,  mechanical,  electrical,  and 
chemical  force,  must  be  diminished ;  so  that  if  the  universe 
be  delivered  over  to  the  undisturbed  action  of  its  physical  pro- 
cesses, all  force  will  finally  pass  into  the  form  of  heat,  and  all 
heat  come  into  a  state  of  equilibrium.  Then  all  possibility  of 
a  further  change  would  be  at  an  end,  and  the  complete  cessa- 
tion of  all  natural  processes  must  set  in.  The  life  of  men, 
animals,  and  plants,  could  not  of  course  continue  if  the  sun 
had  lost  its  high  temperature,  and  with  it  his  light, — if  all  the 
components  of  the  earth's  surface  had  closed  those  combina- 
tions which  their  a£Siiities  demand.  In  short,  the  universe 
from  that  time  forward  would  be  condemned  to  a  state  of 
eternal  rest. 

These  consequences  of  the  law  of  Camot  are,  of  course, 
only  valid,  provided  that  the  law,  when  sufficiently  tested, 
proves  to  be  universally  correct.  In  the  mean  time  there  is 
little  prospect  of  the  law  being  proved  incorrect.  At  all 
events  we  must  admire  the  sagacity  of  Thomson,  who,  in  the 
letters  of  a  long  known  little  mathematical  formula,  which 
only  speaks  of  the  heat,  volume,  and  pressure  of  bodies, 
was  able  to  discern  consequences  which  threatened  the  uni- 
verse, though  certainly  after  an  infinite  period  of  time,  with 
eternal  death. 

I  have  already  given  you  notice  that  our  path  lay  through 
a  thorny  and  unrefreshing  field  of  mathematico-mechanical 
developments.  We  have  now  left  this  portion  of  our  road 
behind  us.  The  general  principle  which  I  have  sought  to  lay 
before  you  has  conducted  us  to  a  point  from  which  our  view 
is  a  wide  one,  and,  aided  by  this  principle,  we  can  now  at 
pleasure  regard  this  or  the  other  side  of  the  surrounding 
world,  according  as  our  interest  in  the  matter  leads  us.  A 
glamse  into  the  narrow  laboratory  of  the  physicist,  with  its 
small  appliances  and  complicated  abstractions,  will  Dot  be  so 
Attractive  as  a  glance  at  the  wide  heaven  above  us,  the  clouds^ 
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the  rivers,  the  woods,  and  the  living  beings  aroand  us.  "Wliila 
regarding  the  luwa  ■which  have  been  deduced  from  the  physi- 
cal proceaaes  of  terrealrial  bodies,  as  applicable  also  to  the 
heavenly  bodies,  let  tne  remind  yon  that  the  same  force  ■which, 
acting  at  the  earth's  snrface,  we  call  gravity  {Schwere),  ants 
as  gravitation  in  (he  celestial  spaces,  and  also  manifests  ha 
power  in  the  motion  of  the  immeaaurably  distant  double  stars 
which  are  governed  by  exactly  the  same  laws  as  those  snb- 
eisting  between  the  earth  and  moon ;  that,  therefore,  the 
hght  and  heat  of  terrestrial  bodies  do  not  in  any  way  differ 
esBentiaUy  from  those  of  the  s^un,  or  of  the  most  distant  Gxed 
star  ;  that  the  meteoric  stones  which  sometimes  fall  from  ex- 
ternal space  upon  the  earth  ore  composed  of  exactly  the  same 
simple  chemical  substances  aa  those  with  which  we  are 
acquainted.  We  need,  fhereibre,  feel  no  scruple  in  granting 
that  general  laws  to  which  all  terrestrial  natural  processes 
are  subject,  are  .also  valid  for  other  bodies  than  the  earth. 
We  will,  therefore,  make  use  of  our  law  to  glance  over  the 
household  of  the  universe  with  respect  to  the  store  of  force, 
capable  of  action,  which  it  possesses. 

A  number  of  singular  peculiarities  in  the  structure  of  onr 
planetary  system  indicate  thai  it  was  once  a  connected  mass 
with  a  uniform  motion  of  rotation.  Witliout  such  an  assump- 
tion, it  is  impossible  to  explain  why  all  the  planets  move  in  the 
same  direction  round  the  sun,  why  they  all  rotate  in  the  same 
direction  round  their  axes,  why  the  planes  of  their  orbits,  and 
those  of  their  satellites  and  rings  all  nearly  coincide,  why  all 
their  orbits  differ  but  little  from  circles;  and  much  besides. 
From  these  remaining  indications  of  a  former  state,  astrono- 
mers have  shaped  an  hypothesis  regarding  the  formation  of 
our  planetary  system,  which,  although  from  the  nature  of  the 
case  it  must  ever  remain  an  hypothesis,  still  in  its  special 
traits  is  so  well  supported  by  analogy,  that  it  certainly  de- 
serves our  attention.  It  was  Kant,  who,  feeling;  great  inter- 
Est  in  the  physical  description  of  the  earth  and  the  planetary 
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[tm,  nndi^rtDok  the  labonr  of  studying  the  works  of  New. 
ton,  and  as  an  cridence  of  the  depth  to  whidi  he  had  p<?Qe- 
treted  into  the  fundameolal  ideas  of  Newton,  seized  the  noiioi: 
that  the  same  attractive  force  of  all  ponderable  matter  which 
now  supports  the  motion  of  the  planets,  must  aUo  aforetime 
have  been  able  to  form  from  matter  loosely  scattered  in  space 
the  planetary  system.  Afterwards,  and  independent  of  Kant, 
Laplace,  the  great  author  of  the  jWccanijue  Cilesie,  laid  hold 
of  the  riame  tbonght,  and  introduced  it  among  astronomers. 

The  commencement  of  our  planetary  syatem,  including 
the  sun,  must,  according  to  this,  be  regarded  as  an  immense 
nebulous  mass  which  filled  the  portion  of  space  which  is  now 
occupied  by  our  system,  far  beyond  the  limits  of  Neptune, 
our  most  distant  planet.  Even  now  we  perhaps  see  similar 
masses  in  the  distant  regions  of  the  firmament,  as  pal^es  of 
nebulee,  and  nebulous  stars  ;  within  our  system  also,  comets, 
the  zodiacal  light,  the  corona  of  the  sun  during  a  total  eclipse, 
exhibit  remnants  of  a  nebulous  substance,  irhich  is  so  thin 
that  the  light  of  the  stars  passes  through  it  nnenfeebted  and 
imreiraetcd.  If  we  calculate  the  density  of  the  mass  of  our 
planetary  system,  according  to  the  above  assumption,  for  the 
time  when  it  was  a  nebulous  sphere,  which  reached  to  the 
path  of  the  outmost  planet,  we  should  find  that  it  would 
require  several  cubic  miles  of  such  matter  to  weigh  a  single 

The  general  attractive  force  of  all  matter  must,  however, 
impel  these  masses  to  approach  each  other,  and  to  condense, 
so  that  the  nebulous  sphere  became  incessantly  smaller,  by 
which,  according  to  mechanical  laws,  a  motion  of  rotation 
originally  slow,  and  the  existence  of  which  must  be  assumed, 
would  gradually  become  quicker  and  quicker.  By  tlio  ccii- 
trifugal  force  which  must  act  most  energetically  in  the  neigh- 
bourhood of  the  equator  of  the  nohuloaa  sphere,  mnssua 
could  from  time  to  time  be  torn  nwny,  wliich  afterwards  would 
eontinue  their  courses  separate  from  the  main  (bass,  i'orming 
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Ihemsulves  iDto  Mngle  planets,  or,  aiinilflr  to  the  great  orig> 
do]  sphere,  into  planets  with  Batt^Uites  and  riiiga,  until  finalljr 
the  principal  mass,  condcneod  itself  into  the  sim.  With 
regard  to  the  origin  of  beat  and  light,  this  view  g'lvoa  ua  no 
inlbrmalion. 

When  the  ncbaloiia  cbaos  first  separated  itself  from  other 
fixed  star  mnssee,  it  must  not  only  have  contained  all  kinds 
of  matter  wliicii  tcos  to  constitute  the  future  planetaiy  sya- 
tern,  but  also,  in  accordance  with  our  new  law,  the  whole 
sloi'e  of  Ibrce  which  at  one  time  mnst  nnl'old  therein  its  wealth 
of  actions.  Indeed  in  this  respect  an  immense  dower  was 
bestowed  in  the  shape  of  the  general  attraction  of  all  the  pai> 
tides  for  each  other.  This  force,  which  on  the  eartb  exerts 
itself  as  gravity,  acts  in  tbo  heavenly  spaces  as  gravitation. 
As  terrestrial  gravity  when  it  draws  a  weight  downwards 
performs  work  and  generates  vis  viva,  aa  also  the  heavenly 
bodies  do  the  same  when  thoy  draw  two  portions  of  matter 
from  distant  rogiooB  of  apace  towards  each  other. 

The  chemical  forces  must  have  been  aldo  present,  ready 
to  act ;  but  as  these  forces  can  only  come  into  operation 
by  the  most  intimate  contact  of  the  different  masses,  con- 
densation must  have  taken  place  before  tlie  play  of  chemical 
forces  began. 

Whether  a  still  further  supply  of  force  in  the  shape  of 
heat  was  present  at  the  commencement  we  do  not  know.  At 
all  .events,  by  aid  of  the  law  of  the  equivalence  of  heat  and 
work,  we  find  in  the  mechanic^  forces,  existing  at  the  time 
to  which  we  refer,  aach  a  rich  source  of  heat  and  h'ght,  that 
there  is  no  necoasity  whatever  to  take  retnge  in  the  idea  of  a 
Btore  of  these  forces  originally  existing.  When  through  con- 
densation of  the  masses  their  panicles  came  into  coHiaiou, 
and  clung  to  each  other,  the  vis  viva  of  tLeir  motion  would  bo 
thereby  annihilated,  and  must  reappear  as  heat.  Already  in 
old  theories,  it  has  been  calculated,  ttiat  coamical  masses  must 
generate  heaf  by  their  collision,  but  il  was  far  from  any  body's 
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thought,  to  make  even  a  gaess  at  the  amount  of  heat  to  be 
generated  in  this  way.  At  present  we  can  give  definite 
numerical  values  with  certainty. 

Let  us  make  this  addition  to  our  assumption ;  that,  at  the 
commencement,  the  density  of  the  nebuicus  matter  was  a  van* 
ishing  quantity,  as  compared  with  the  present  density  of  the 
son  and  planets ;  we  can  then  calculate  how  much  work  has 
been  performed  by  the  condensation ;  we  can  farther  calcu- 
late how  much  of  this  work  Btill  exists  in  the  form  of  mechani- 
cal force,  as  attraction  of  the  planets  towards  the  sim,  and  as 
vis  viva  of  their  motion,  and  find,  by  this,  how  much  of  the 
force  has  been  converted  into  heat. 

The  result  of  this  calculation  is,  that  only  about  the  454th 
part  of  the  original  mechanical  force  remains  as  such,  and 
that  the  remainder,  converted  into  heat,  would  be  sufficient  to 
raise  a  mass  of  water  equal  to  the  sun  and  planets  taken  to- 
gether, not  less  than  twenty-eight  millions  of  degrees  of  the 
centigrade  scale.  For  the  sake  of  comparison,  I  will  mention 
that  the  highest  temperature  which  we  can  produce  by  the 
oxyhydrogen  blowpipe,  which  is  sufficient  to  fiise  and  vapor- 
ize even  platina,  and  which  but  few  bodies  can  endure,  ia 
estimated  at  about  two  thousand  centigrade  degrees.  Of  the 
action  of  a  temperature  of  twenty-eight  millions  of  such  de- 
grees we  can  form  no  notion.  If  the  mass  of  our  entire  sys- 
tem were  pure  coal,  by  the  combustion  of  the  whole  of  it  only 
the  3500th  part  of  the  above  quantity  would  be  generated. 
This  is  also  clear,  that  such  a  development  of  heat  must  have 
presented  the  greatest  obstacle  to  the  speedy  union  of  the 
masses,  that  the  larger  part  of  the  heat  must  have,  been 
diffiised  by  radiation  iuto  space,  before  the  masses  could  form 
bodies  possessiug  the  present  density  of  the  sun  and  planets, 
and  that  these  bodies  must  once  have  been  in  a  state  of  fiery 
fluidity.  This  notion  is.  corroborated  by  the  geological  phe- 
nomena of  our  planet ;  and  with  regard  to  the  other  planetary 
bodies,  the  flattened  form  of  the  sphere,  which  b-  the  form  of 
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equilibrium  of  a  fluid  mass,  is  indicative  of  a  former  state  of 
fluidity.  If  I  thus  permit  an  immense  quantity  of  heat 
to  disappear  without  compensation  from  our  system,  the 
principle  of  the  conservation  of  force  is  not  thereby  invaded. 
Certainly  for  our  planet  it  is  lost,  but  not  for  the  universe. 
It  has  proceeded  outwards,  and  daily  proceeds  outwards  into 
infinite  spacer  and  we  know  not  whether  the  medium  which 
transmits  the  undulations  of  light  and  heat  possesses  an  end 
where  the  rays  must  return,. or  whether  they  eternally  pursue 
th^ir  way  through  infinitude. 

The  store  of  force  at  present  possessed  by  our  system,  is 
also  equivalent  to  immense  quantities  of  heat.  If  our  earth 
were  by  a  sudden  shock  brought  to  rest  on  her  orbit — ^which 
is  not  to  be  feared  in  the  existing  arrangements  of  our  system 
— ^by  such  a  shock  a  quantity  of  heat  would  be  generated 
equal  to  that  produced  by  the  combustion  of  fourteen  such 
earths  of  solid  coal.  Making  the  most  unfavourable  assump- 
tion as  to  its  capacity  for  heat,  that  is,  placing  it  equal  to  that 
of  water,  the  mass  of  the  earth  would  thereby  be  heated  11,200 
degrees ;  it  would  therefore  be  quite  fiised  and  for  the  most 
part  reduced  to  vapour.  If,  then,  the  earth,  after  having  been 
thus  brought  to  rest,  should  fall  into  the  sun,  which  of  course 
would  be  the  case,  the  quantity  of  heat  developed  by  the  shock 
would  be  four  hundred  times  greater. 

Even  now,  from  time  to  time,  such  a  process  is  repeated 
on  a  small  scale.  There  can  hardly  be  a  doubt  that  meteors, 
fire-balls,  and  meteoric  stones,  are  masses  which  belong  to 
the  universe,  and  before  coming  into  the  domain  of  our  earth, 
moved  like  the  planets  roimd  the  sun.  Only  when  they  enter 
our  atmosphere  do  they  become  visible  and  fall  sometimes  to 
the  earth.  In  order  to  explain  the  emission  of  light  by 
these  bodies,  and  the  fact  that  for  some  time  after  their 
descent  they  are  very  hot,  the  friction  was  long  ago  thought 
of  which  they  experience  in  passing  through  the  air.  Wa 
can   now  calculate   that  a  velocity  of   3000  feet  a  second, 
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supposing  the  whole  of  the  friction  to  be  expended  in  heating 
the  solid  mass,  would  raise  a  piece  of  meteoric  iron  1000  ~  C. 
in  temperature,  or,  in  other  words,  to  a  vivid  red  heat.  Now 
the  average  velocity  of  the  meteors  seems.to  be  thirty  or  forty 
times  the  above  amoont.  To  compensate  this,  however,  the 
greater  portion  of  the  heat  is,  doubtless,  carried  away  by  the 
condensed  mass  of  air  which  the  meteor  drives  before  it.  It 
is  known  that  bright  meteors  generaUy  leave  a  luminous  trail 
behind  them,  which  probably  consists  of  several  portions  of 
the  red-hot  surfaces.  Meteoric  masses  which  fall  to  the  earth 
often  burst  with  a  violent  explosion,  which  may  be  regarded 
as  a  result  of  the  quick  heating.  The  newly-fallen  pieces 
have  been  for  the  most  part  found  hot,  but  not  red-hot,  which 
is  easily  explainable  by  the  circumstance,  that  during  the 
short  time  occupied  by  the  meteor  in  passing  through  the 
atmosphere,  only  a  thin,  superficial  layer  is  heated  to  redness, 
while  but  a  small  quantity  of  heat  has  been  able  to  penetrate 
to  the  interior  of  the  mass.  For  this  reason  the  red  heat  can 
speedily  disappear. 

Thus  has  the  falling  of  the  meteoric  stone,  the  minute 
remnant  of  processes  which  seems  to  have  played  an  impor- 
tant part  in  the  formation  of  the  heavenly  bodies,  conducted 
us  to  the  present  time,  where  we  pass  from  the  darkness  of 
hypothetical  views  to  the  brightness  of  knowledge.  In  what 
we  have  said,  however,  all  that  is  hypothetical  is  the  assump- 
tion of  Kant  and  Laplace,  that  the  masses  of  our  system  were 
once  distributed  as  jiebulaB  in  space. 

On  account  of  the  rarity  of  the  case,  we  will  still  further 
remark,  in  what  close  coincidence  the  results  of  science  here 
stand  with  the  earlier  legends  of  the  human  family,  and  the 
forebodings  of  poetic  fancy.  The  cosmogony  of  ancient  na- 
tions generally  commences  with  chaos  and  darkness. 

Neither  is  the  Mosaic  tradition  very  divergent,  particu- 
larly when  we  remember  that  that  which  Moses  names  heaven 
is  different  from  the  blue  dome  above  us,  and  is  synonymous 
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with  space,  and  that  the  unformed  earth,  and  the  waters  of 
the  great  deep,  which  were  afterwards  divided  into  waters 
above  the  firmament,  and  waters  below  the  firmament,  resem- 
bled the  chaotic  components  of  the  world.- 

Our  earth  bears  still  the  aumit^akable  traces  of  its  old 
fiery  fluid  condition.  The  granite  formations  of  her  moun- 
tains exhibit  a  structure,  which  can  only  be  produced  by  the 
crystallization  of  fused  masses.  Investigation  still  shows 
that  the  temperature  in  mines,  and  borings,  increases  as  we 
descend ;  and  if  this  increase  is  uniform,  at  the  depth  of  fi^ 
miles,  a  heat  exists  sufficient  to  fuse  all  our  minerals.  Even 
now  our  volcanoes  project,  from  time  to  time,  mighty  masses 
of  fused  rocks  from  their  interior,  as  a  testimony  of  the  heat 
which  exists  there.  But  the  cooled  crust  of  the  earth  has 
already  become  so  thick,  that,  as  may  be  shown  by  calcula- 
tions of  its  conductive  power,  the  heat  coming  to  the  surface 
from  within,  in  comparison  with  that  reaching  the  earth  from 
the  sun,  is  exceedingly  small,  and  increases  the  temperature 
of  the  surface  only  about  one  thirtieth  of  a  degree  centigrade  ; 
so  that  the  remnant  of  the  old  store  of  force  which  is  enclosed 
as  heat  within  the  bowels  of  the  earth,  has  a  sensible  influence 
upon  the  processes  at  the  earth's  surface,  only  through  the 
instrumentality  of  volcanic  phenomena.  These  processes  owe 
their  power  almost  wholly  to  the  action  of  other  heavenly  hodieSy 
particularly  to  the  light  and  heai  of  the  sun^  and  partly  also^ 
in  the  case  of  the  tides^  to  the  attraction  of  the  sun  and  moon. 

Most  varied  and  numerous  are  the  changes  which  we  owe 
to  the  light  and  heat  of  the  sun.  The  sun  heats  our  atmos- 
phere irregularly,  the  warm  rarefied  air  ascends,  while  fresh 
cool  air  flows  from  the  sides  to  supply  its  place :  in  this  way 
winds  are  generated.  This  action  is  most  powerful  at  the 
equator,  the  warm  air  of  which  incessantly  flows  in  the  upper 
regions  of  the  atmosphere  towards  the  poles :  while  just  as 
persistently,  at  the  earth's  surface,  the  trade  wind  carries  new 
and  cool  air  to  the  equator.     Without  the  heat  of  the  sun  all 


THB  OLD  HBOHAmOAL  rSOBOOt. 


S13 


rom  these  efibrts  to  imitate  living  creatures,  anotlier  iden, 
a  by  a  misimderstaiKling,  seems  to  have  developed  itself, 
which,  as  it  were,  formed  the  new  philosopher's  stoae  of  the 
ecventeenth  and  eighteenth  ccntnries.  It  was  now  the  endeav- 
oor  to  cooBtrnct  a  pcqietoal  motion.  Under  this  term  was  un- 
derstood a  machine,  which,  without  being  wound  up,  without 
conamning  in  the  working  of  it,  falling  water,  wind,  or  any 
other  natural  force,  should  slill  continae  in  motion,  the  motive 
power  being  perpetually  supplied  by  the  machine  iiself.  Beasts 
and  hiiman  beings  seemed  to  correspond  to  the  idea  of  snch  an 
apparatus,  for  they  mored  themselves  energetically  and  inces- 
santly as  long  as  they  lived,  were  never  woond  op,  and  nobody 
set  them  in  motion,  A  connection  between  the  taking-in  of 
nourishment  and  the  development  of  force  did  not  make  itself 
apparent.  The  nourishment  seemed  only  necessary  to  grease, 
as  it  were,  the  wheelwork  of  the  animal  machine,  to  replace 
what  was  used  up,  and  to  renew  the  old.  The  development 
of  force  out  of  itself  seemed  to  be  the  essential  peculiarity,  the 
real  quintessence  of  organic  liie.  If,  therefore,  men  were  to 
be  constructed,  a  perpetual  motion  must  first  be  found. 

Another  hope  also  seemed  to  take  up  incidentally  the  secy 
oud  place,  which,  in  our  wiser  age,  would  certainly  have 
claimed  the  first  rank  in  the  thoughts  of  men.  The  pcrpettial 
motion  was  to  produce  work  inexhaustibly  without  corre- 
sponding consumption,  that  is  to  say,  out  of  nothing.  Work, 
however,  ie  money.  Here,  therefore,  the  practical  problem 
which  the  cunning  heads  of  all  ccntnries  have  followed  in  the 
mofit  diverse  ways,  namely,  to  fabricate  money  oat  of  nothing, 
invited  solution.  Ths  similariiy  with  the  philosopher's  slone 
sought  by  the  ancient  chemists  was  complete.  That  abo 
was  thought  to  coniaiti  the  quintessence  of  organic  liie,  and  to 
be  capable  of  producing  gold. 

The  spur  which  drove  men  to  inquiry  was  sharp,  and  the 
taleut  of  some  of  the  seekers  must  not  be  estimated  as  small. 
The  nature  of  the  problem  was  quite  calculated  to  entice  per- 
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the  steps  in  wLich  it  occurs,  we  can  calcultile  from  (be  mass  of 
the  coQfiumed  material  Low  much  Eicat,  or  its  cquivaient  work 
is  thereby  {,'eaerated.  in  an  animal  body.  Unfortunately,  the 
difficulty  of  tbe  experimenla  ia  atiU  very  great ;  but  within 
those  limits  of  accuracy  which  have  been  as  yet  attainable,  tho 
experiments  show  that  the  heat  generated  in  die  animal  body 
corresponds  to  the  amount  which  would  be  generated  by  tho 
chemical  processes.  The  animal  body  therefore  does  not  differ 
from  the  steam-engine,  as  regards  the  manner  in  which  it 
obtains  boat  and  force,  but  does  diffisr  from  it  in  the  mao- 
ner  in  which  the  force  gained  ia  to  be  made  use  of.  Thai 
body  is,  besides,  more  limited  than  tho  machine  in  the  cboiea: 
of  its  fuel ;  the  latter  could  be  heated  with  sugar,  with  starch^ 
flour,  and  butter,  just  as  well  as  with  coal  or  wood  ;  the 
mal  body  must  dissolve  its  materials  artificially,  and  distribnt« 
them  through  its  aystem ;  it  must,  further,  perpetually  renew 
the  naed-up  materials  of  its  organs,  and  as  it  cannot  iUelf 
create  the  matter  necessary  for  this,  the  matter  mast  come: 
from  without.  Liebig  was  the  first  to  point  out  these  variousi 
naes  of  the  consumed  nutriment.  As  material  for  the  perpetr 
ual  renewal  of  the  body,  it  seems  that  certain  definite  albuiol' 
nous  substances  which  appear  in  plants,  and  form  the  chief 
mass  of  the  animal  body,  can  alone  be  used.  They  form  oul^ 
a  portion  of  the  mass  of  nutriment  taken  daily ;  the  rei 
der,  sugar,  starch,  fat,  arc  reaDy  only  materials  for  warming, 
and  are  perhaps  not  to  be  superseded  by  coal,  simply  because 
the  hitter  does  not  permit  itself  to  be  dissolved. 

If,  then,  the  processes  in  the  animal  iiody  are  not  in  this 
respect  to  be  distinguished  from-inorganic  processes,  the  ques- 
tion arises,  whence  comes  tho  nulrimcnt  which  conatitntcB 
tho  source  of  the  body's  force?  Tho  answer  is,  trom  tha 
vegetable  kingdom ;  for  only  the  roaterial  of  plante,  or  thg 
flesh  of  plant-ealing  animals,  can  he  made  use  of  for  food.* 
Tbe  animals  which  live  on  plants*  occupy  a  mean  position 
between  carnivorous  animab,  in  n  hich  we  reckon  man,  nnd 
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';  which  the  former  coold  not  mabe  nse  ot  imniedi- 
fttely  as  natrimeat.  In  bay  anil  grass  the  Bome  nutritive  6dI> 
Blances  arc  present  a.s  in  meal  and  Hoar,  bnt  in  less  qasntitj. 
As,  however,  the  digestive  organs  of  man  are  not  in  a  condi- 
tion to  extract  the  small  qnantity  of  the  nsefnl  from  the  great 
excess  of  the  insoluble,  we  sahmil,  in  the  first  place,  theu 
eubstancea  to  the  powerfiil  digestion  of  the  os,  permit  the 
Douriahment  to  store  itself  in  the  animal's  body,  in  order  in 
the  end  to  j^ain  it  for  ourselves  in  a  more  agreeable  and  uac- 
fiil  form.  In  answer  to  our  question,  therefore,  we  are  re- 
ferred to  the  vegetable  world.  Now  when  what  plants  take 
in  and  what  they  give  oat  are  made  the  sabjects  of  investiga- 
tion|  we  find  that  the  principal  part  of  the  former  consists  in 
the  products  of  combustion  which  are  generated  by  the  ani- 
mal. ,  They  take  the  consomed  carbon  given  off  in  respira- 
tion, as  carbonic  arid,  from  the  air,  the  consnmed  hydrogen 
as  water,  the  nitrogen  in  its  simplest  and  closest  combination 
as  ammonia ;  and  from  these  materials,  with  tlie  assislancc 
of  small  ingredienis  wliich  they  take  from  the  soil,  tliey  gen- 
erate anew  the  componnd  combustible  substances,  albumen, 
sugar,  oil,  on  which  the  animal  subsists.  Here,  therefore,  is 
a  circuit  which  appears  to  be  a  perpetual  store  of  force. 
Flants  prepare  fiiet  and  nutriment,  animals  consume  these, 
bum  them  slowly  in  iheir  lungs,  and  from  the  products  of 
combiiadon  the  plants  again  derive  their  nutriment.  The 
latter  is  an  eternal  source  of  chemical,  the  former  of  mechan- 
ical forces.  Wonld  not  the  combination  of  both  organic  king- 
doms produce  the  perpetual  motion  ?  "We  must  not  conclude 
hastily :  furlher  inquiry  shows,  that  plants  are  capable  of  pro- 
ducing combustible  substances  only  when  they  are  under  the 
influence  of  the  sun.  A  portion  of  the  sun's  rays  exhibits  a 
remarkable  relation  to  chemical  forces, — it  can  produce  and 
destroy  chemical  combinations  ;  and  these  rays,  which  for  the 
nlost  part  are  blue  or  violet,  arc  called  therefore  chemical 
Wo  make  use  of  their  action  in  the  production  of  pho* 


240  INTERAOnON  OP  NATUBAL  FOBCES. 

tographs.  Here  compounds  of  silver  are  decomposed  at  the 
place  where  the  sun's  rays  strike  them.  The  same  rays  over- 
power in  the  green  leaves  of  plants  the  strong  chemical  affinity 
of  the  carbon  of  the  carbonic  acid  for  oxygen,  give  back  the 
latter  free  to  the  atmosphere,  and  accumulate  the  other,  in 
combination  with  other  bodies,  as  woody  fibre,  starch,  oil,  or 
resin.  These  chemically  active  rays  of  the  sun  disappear 
completely  as  soon  as  they  encounter  the  green  portions  of  the 
plants,  and  hence  it  is  that  in  daguerrotype  images  the  green 
leaves  of  plants  appear  uniformly  black.  Inasmuch  as  the 
light  coming  from  them  does  not  contain  the  chemical  rays,  it 
is  unable  to  act  upon  the  silver  compounds. 

Hence  a  certain  portion  of  force  disappears  from  the  sun- 
light, while  combustible  substances  are  generated  and  accumu- 
lated in  plants ;  and  we  can  assume  it  as  very  probable,  that 
the  former  is  the  cause  of  the  latter.  I  must  indeed  remark, 
that  we  are  in  possession  of  no  experiments  from  which  we 
might  determine  whether  the  vis  viva  of  the  sun's  rays  which 
have  disappeared,  corresponds  to  the  chemical  forces  accumu- 
lated during  the  same  time  ;  and  as  long  as  these  experiments 
are  wanting,  we  cannot  regard  the  stated  relation  as  a  cer- 
tainty. If  this  view  should  prove  correct,  we  derive  from  it 
the  flattering  result,  that  all  force,  by  means  of  which  our  bodies 
live  and  move,  finds  its  source  in  the  purest  sunlight ;  and 
hence  we  are  all,  in  point  of  nobility,  not  behind  the  race  of  the 
great  monarch  of  China,  who  heretofore  alone  called  himself 
Son  of  the  Sun.  But  it  must  also  be  conceded  that  our  lower 
fellow-beings,  the  frog  and  leech,  share  the  same  ethereal 
origin,  as  also  the  whole  vegetable  world,  and  even  the  fiiel 
which  comes  to  us  from  the  ages  past,  as  well  as  the  youngest 
offspring  of  the  forest  with  which  we  heat  our  stoves  and  set 
our  machines  in  motion. 

You  see,  then,  that  the  immense  wealth  of  ever-changing 
meteorological,  climatic,  geological,  and  organic  processes  of 
our  earth  are  almost  whoUy  preserved  in  action  by  the  light 
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leatrgiTing  t&jb  of  the  snn ;  and  yoa  sgc  in  this  a  re- 
markable example,  how  Froteas-Uko  the  eifecla  of  o,  BJngle 
caJiee,  under  altered  ostemal  conditions,  may  osliibit  itself  in 
iLature.  Besides  these,  the  earth  e^eiiences  an  acdon  of 
another  kind  from  its  central  luminary,  aa  well  oa  &om  ita 
Bat«Ilil«  the  moon,  which  exhibila  itself  in  the  remarkabla 
phenomenon  of  the  ebb  and  flow  of  the  tide. 

Each  of  these  bodies  cxciteB,  by  its  attraction  upon  the 
waters  of  the  sea,  two  gigantic  waves,  which  flow  in  the  same 
direction  round  the  world,  as  the  attracting  bodies  themselves 
apparently  do.  The  two  waves  of  the  moon,  on  account  of 
her  greater  nearness,  are  about  three  and  a  half  times  as  large 
as  those  excited  by  the  sun.  One  of  theae  waves  has  its  crest 
on  the  quarter  of  the  earth's  surface  which  is  turned  towarda 
the  moon,  the  other  is  at  the  opposite  side.  Both  these  quar- 
ters possess  the  flow  of  the  tide,  while  the  regions  wliich  lie 
between  have  the  ebb.  Although  in  the  open  sea  the  height 
of  the  tide  amonnta  lo  only  about  three  feet,  and  only  in  cer- 
tain narrow  channels,  where  the  moving  water  is  squeezed 
together,  rises  to  thirty  feet,  the  might  of  the  phenomena  ia 
nevertheless  manifest  from  the  calculation  of  Beseel,  accord- 
ing to  which  a  quarter  of  the  earth  covered  by  the  sea  pos- 
Hsaes,  during  the  flow  of  the  tide,  about  26,000  cubic  miles 
of  water  more  than  during  the  ebb,  and  that  therefore  such  a 
mass  of  water  must,  in  six  and  a  quarter  hours,  flow  from 
one  quarter  of  the  earth  to  the  other. 

The  phenomena  of  the  ebb  and  flow,  ae  already  recognized 
by  Mayer,  combined  with  the  law  of  the  conservation  of  force, 
stand  in  remarkable  connection  with  the  question  of  the  sta- 
bility of  our  planetary  system.  The  mechanical  theory  of  the 
planetary  motions  discovered  by  Newton  teaches,  that  if  a 
solid  body  in  absolute  vacuo,  attracted  by  the  sun,  move 
around  him  in  the  same  manner  as  the  planets,  this  motion 
will  endure  uni'haaged  tlirotigh  aU  eternity. 

Now  we  have  actually  not  only  one,  but  several  such 
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time  is  required  to  raise  it  to  the  same  height ;  so  that,  how- 
ever we  may  alter,  by  the  interposition  of  machinery,  the  in- 
tensity of  the  acting  force,  still  in  a  certain  time,  during  which 
the  mill-stream  furnishes  us  with  a  definite  quantity  of  water, 
a  certain  definite  quantity  of  work,  and  no  more,  can  be  per- 
formed. 

Our  machinery,  therefore,  has,  in  the  first  place,  done 
Dothing  more  than  make  use  of  the  gravity  of  the  falling  wa- 
ter in  order  to  overpower  the  gravity  of  the  hammer,  and  to 
raise  the  latter.  When  it  has  lifted  the  hammer  to  the  neces- 
sary height,  it  again  liberates  it,  and  the  hammer  falls  upon 
the  metal  mass  which  is  pushed  beneath  it.  But  why  does 
the  falling  hammer  here  exercise  a  greater  force  than  when  it 
is  permitted  simply  to  press  with  its  own  weight  on  the  mass 
of  metal?  Why  is  its  power  greater  as  the  height  from  which 
it  falls  is  increased  ?  We  find,  in  fact,  that  the  work  per- 
formed by  the  hammer  is  determined  by  its  velocity.  In 
other  cases,  also,  the  velocity  of  moving  masses  is  a  means  of 
producing  great  effects.  I  only  remind  you  of  the  destructive 
effects  of  musket-bullets,  which,  in  a  state  of  rest,  are  the  most 
harmless  things  in  the  world.  I  remind  you  of  the  wind-mill, 
which  derives  its  force  from  the  moving  air.  It  may  appear 
surprising  that  motion,  which  we  are  accustomed  to  regard  as 
a  non-essential  and  transitory  endowment  of  bodies,  can  pro- 
duce such  great  effects.  But  the  fact  is,  that  motion  appears 
to  us,  under  ordinary  circumstances,  transitory,  because  the 
movement  of  all  terrestrial  bodies  is  resisted  perpetually  by 
other  forces,  friction,  resistance  of  the  air,  etc.,  so  that  motion 
is  incessantly  weakened  and  finally  neutralized.  A  body, 
however,  which  is  opposed  by  no  resisting  force,  when  once 
•et  in  motion,  moves  onward  eternally  with  undiminished 
velocity.  Thus  we  know  that  the  planetary  bodies  have 
^l_  ■  mored  without  change,  through  space,  for  thousands  of  years. 
'^y  by  resisting  forces  can  motion  be  diminished  or  destroyed, 
noving  body,  such  as  the  hammer  or  the  musket-ball,  when 
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to  see  thafr  the  work  iDUBt  be  measured  by  the  product  of  tha 
weight  into  the  space  through  which  it  ascends.  Aad  in  thia 
way,  indeed,  do  we  meaaure  in  mechanics. 

The  unit  of  work,  is.a  foot-pound,  that  is,  a  pound  weight 
raised  to  the  buight  of  one  foot. 

Wbile  the  work  in  this  case  consists  in  the  raising  of  the 
heavy  hammer-head,  the  driving  force  which  acts  the-  latter  in 
motion,  is  generated  by  falling  water.  It  ia  not  necessary 
tliat  the  water  should  fell  veiticaUy,  it  can  also  flow  in  a  • 
moderately  inclined  bed ;  but  it  must  always,  where  it  has 
water-mills  to  set  in  motion,  move  from  a  higher  to  a  lower 
position.  Experiment  and  theory  coincide  in  teaching,  that 
when  a  hanmier  of  a  hundred  weight  is  to  be  raised  one  foot, 
to  accompUsh  this  at  least  a  hundred  weight  of  water  must 
fall  through  the  space  of  one  foot ;  or  what  is  equivalent  to 
this,  two  hundred  weight  must  fall  f'ullhalf  afoot,  or  four  hun- 
dred weight  a  quarter  of  a  foot,  etc.  In  sbori,  if  we  multiply 
the  weight  of  the  falling  water  by  the  height  through  which  it 
falls,  and  regard,  as  before,  the  product  as  the  measure  of  the 
work,  then  the  work  peri'ormed  by  the  machine  ia  raising  the 
hammer,  can,  in  the  most  favourable  case,  he  only  equal  to  the 
number  of  foot-pounds  of  water  which  have  fallen  in  the  same 
time.  In  practice,  indeed,  this  ratio  is  by  no  means  attained ; 
a  great  portion  of  the  work  of  the  falling  wal«r  escapes  tmused, 
inasmuch  aa  part  of  the  force  is  willingly  sacrificed  for  the 
sake  of  obluining  greater  speed. 

I  win  liirthei'  remark,  that  this  relation  remains  unchanged 
whether  the  hammer  is  driven  immediately  by  the  axle  of  the 
wheel,  or  whether — by  the  intervention  of  wheel-work,  end- 
less screws,  pulleys,  ropes — the  motion  is  transferred  to  the 
hammer.  We  may,  indeed,  by  such  arrangements,  succeed 
in  raising  a  hammer  of  ten  hundred  weight,  when  by  the  first 
simple  arrangemenl,the  elevation  of  a  hammer  of  one  hundred 
weight  might  alone  he  possible ;  hut  eiLher  lliis  heavier  ham- 
mer is  raised  to  only  cue  tenth  of  the  height,  or  tenfnid  tha 


dme  is  required  lo  r^e  it  to  tie  same  height ;  ao  that,  how- 
ever wc  may  alter,  by  the  interposition  of  machinery,  the  in- 
tonfiity  of  the  acting  force,  still  in  a  certain  time,  dnring  which 
Ihc  mill-atream  fumiahea  U9  with  a.  detioite  quantity  of  water, 
a  certain  definite  quantity  of  work,  and  no  more,  can  be  per- 
formed. 

Our  mucliinery,  therefore,  has,  in  the  first  place,  done 
Qothing  more  than  make  use  of  the  gravity  of  the  falUng  wor 
ter  in  order  to  overpower  the  gi-avity  of  the  hammer,  and  to 
raise  the  latter.  When  it  has  hiled  the  hammer  to  the  neces- 
soiy  height,  it  again  liberates  it,  and  the  hammer  falls  upon 
the  metal  mass  which  is  pushed  beneath  it.  But  why  does 
the  falling  hammer  here  exercise  a  greater  force  than  when  it 
ia  permitted  simply  to  press  with  its  own  weight  on  tlic  masa 
of  metal  ?  Why  is  its  power  greater  aa  the  height  from  wliich 
it  falls  ia  increased?  We  find,  in  fact,  that  the  work  per- 
formed by  the  hammer  is  determined  by  its  velocity.  In 
otheT  cases,  also,  the  velocity  of  moving  masses  is  a  meana  of 
producing  great  eficcts.  I  only  remind  you  of  the  dostruclivo 
effects  of  musket-bullets,  which,  in  a  state  of  rest,  are  the  most 
harmless  things  in  the  world.  I  remind  you  of  the  wind-mill, 
■which  derives  its  force  from  the  moving  air.  It  may  appear 
surprising  that  motion,  which  we  arc  accustomed  to  regard  aa 
a  non-essential  and  transitory  endowment  of  bodies,  can  pro- 
duce such  great  effects.  But  the  fact  is,  that  motion  appears 
to  us,  under  ordinary  circumstances,  traosilory,  because  the 
movement  of  all  terrestrial  bodies  is  resisted  perpotnaUy  by 
other  forces,  friction,  resistance  of  the  air,  etc.,  so  that  motion 
is  incessantly  weakened  and  finally  neutralized.  A  body, 
however,  wfiich  is  opposed  by  no  resisting  force,  when  once 
Bei  in  motion,  moves  onward  eternally  with  undiminished 
velocity.  Thus  we  know  that  the  planetary  bodies  have 
moved  without  cliangc,  through  apace,  for  thousands  of  years. 
Only  by  resisting  forces  can  motion  be  diminished  or  destroyed. 
A.  moving  body,  such  a^  the  hammer  or  the  musket-baU,  when 
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it  etriics  against  anotLer,  preaseB  the  latter  (ogelliLT,  or  pene- 
tratfes  it,  antil  the  Hum  of  the  reHBting  forces  which  the  body 
stmck  presents  to  its  preasuro,  or  to  the  separation  of  its  par- 
ticles, ia  sufficiently  great  to  destroy  the  motion  of  the  ham- 
mer or  of  the  bnllet.  The  motion  of  a  mass  regarded  ac 
taking  the  pla«e  of  working  force  is  called  the  living  force  (yii 
viva)  of  the  mass.  The  word  "  living  "  has  of  course  hera 
DO  reference  whatever  to  living  beings,  but  ia  intended  to  rep- 
resent solely  the  force  of  the  motion  as  distinguished  from  the 
state  of  unchanged  rest — from  the  gravity  of  a  motionless 
body,  for  example,  which  produces  an  incessant  presetire 
against  the  surface  which  supports  it,  but  does  not  prodi 
any  motion. 

In  the  case  before  uB,  therefore,  we  had  first  power  in  ■ 
form  of  a  falling  mass  of  water,  then  in  the  form  of  a  lUt^d 
hammer,  and,  thirdly,  in  the  form  of  the  living  force  of  the 
iallen  hammer.  We  should  transform  the  third  form  into  the 
second,  if  we,  for  example,  permitted  the  hummer  to  fall  upon 
a  highly  elasdc  sleel  beam  strong  enough  to  resist  the  shock. 
Tlie  hammer  would  rebonnd,  and  in  the  most  favourable 
would  reach  a  height  equal  to  that  from  which  it  fell,  but 
would  never  rise  higher.  In  this  way  its  mass  would  ascend : 
and  at  the  moment  when  its  highest  point  has  been  attained, 
it  would  represent  the  same  number  of  raised  foot-pounds  aa 
before  it  fell,  never  a  greater  number ;  that  is  to  say,  living 
force  can  generate  the  same  amount  of  work  as  that 
pended  in  its  production.  It  is  therefore  equivalent  to  this 
quantity  of  work. 

Our  clocks  are  driven  by  means  of  sinking  weights,  an^ 
our  watches  by  means  of  the  tension  of  spring,  A  weight 
which  lies  on  the  ground,  an  elastic  spring  whidi  is  without 
tfusion,  can  produce  no  eSecta  ;  lo  obtain  such  we  must  first 
raise  the  weight  or  impart  tension  to  the  spring,  which  is 
accomplished  when  we  wind  up  our  clocks  and  watchofi. 
The  man  who  winds  the  clock  or  watch  commimicatea  to  tliA 
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r  to  tlie  spring  a  certain  amount  of  power,  and  ex- 
actly go  mucli  as  is  thus  conununicated  is  gradually  given  out 
again  dwiDg  the  following  twenty-four  hours,  the  original 
force  being  thus  slowly  consumed  to  overcome  the  friction  of 
the  wheels  and  the  resistance  wliich  the  pendulum  encounlers 
from,  the  mr.  The  wheel-work  of  the  dock  therefore  cshihile 
no  working  force  which  was  not  previously  communicated  to 
it,  hut  simply  distributes  the  force  given  to  it  miifbrmly  over 
a  longer  time. 

Into  the  chamber  of  an  air-gun  we  squeeze,  by  means  of 
a  condensing  air-pmnp,  a  great  quantity  of  air.  When  we 
a^rwards  open  the  cock  of  a  gun  and  admit  the  compressed 
air  into  the  barrel,  the  ball  is  driven  out  of  the  latter  with  a 
force  similar  to  that  exerted  by  ignited  powder.  Now  wo 
may  determine  the  work  consumed  in  the  pumping-in  of  the 
air,  and  the  living  force  which,  upon  firing,  is  communicaled 
to  the  ball,  but  we  shall  never  find  the  latter  greater  than  the 
former.  The  compressed  air  has  generated  no  working  Ibrco, 
hut  simply  ^ves  to  the  bullet  that  which  has  been  previously 
communicated  to  it.  And  while  we  have  pumped  for  perhaps 
a  quarter  of  an  hour  to  charge  the  gun,  the  force  is  expended 
in  a  few  seconds  when  the  bullet  is  discharged ;  but  because 
the  action  is  compressed  into  so  short  a  time,  a  much  greal^sr 
velocity  is  imparted  t^  the  ball  than  would  be  possible  to  eom- 
mnnicate  to  it  by  the  unaided  effort  of  the  arm  in  throw- 
ing it. 

From  these  esamples  yon  observe,  and  the  mathematical 
theory  has  corroboraled  this  for  all  purely  mechanical,  that  ia 
to  say,  for  moving  forces,  that  all  our  machinery  and  appara- 
tus generate  no  force,  bat  simply  yield  up  the  power  com- 
"  municated  to  them  by  natural  forces, — falling  water,  moving 
wind,  or  by  the  muscles  of  men  and  animals.  After  this  law 
Ydd  been  established  by  the  great  mathematicians  of  the  lasl 
centiuy,  a  perpetual  motion,  whieh  should  make  only  use  of 
piu'e  mechanical  forces,  such  as  gravity,  elasticity,  pressure  of 


320  iKTEBAtrnoN  c 

liquids  and  gases,  could  only  be  songht  after  by  bewildered 
and  ill-instructed  people.  But  there  are  stjll  other  natnral 
forces  whicli  are  not  reckoned  among  tlie  purely  moving 
forces, — heat,  electricity,  magnetism,  light,  chemical  forces, 
all  of  which  ncTertheleas  stand  in  manifold  relation  to  me- 
chanical processes.  There  is  hardly  a  natural  process  to  be 
found  which  is  not  accompanied  hy  mechanical  actions,  or 
from  whicJi  mechanical  work  may  not  he  derived.  Here  the 
question  of  a  perpetual  motion  remained  open  ;  the  decision 
of  this  question  marks  the  progress  of  modem  physics. 

In  the  case  of  the  air-gun,  the  work  to  be  accomplished  in 
the  propulsion  of  tlie  ball  was  giren  by  the  arm  of  the  man 
who  pnmped  in  the  air.  In  ordinary  firearms,  the  condensed 
mass  of  air  which  propels  the  huUet  is  obtained  in  a  totally 
different  manner,  namely,  by  the  combustion  of  the  powder. 
Gunpowder  is  transformed  by  combustion  for  the  moat  port 
into  gaseous  products,  which  endeavor  to  occupy  a  much 
larger  space  than  that  previously  taken  up  by  the  volimie  of 
the  powder.  Thns,  you  see,  that,  by  the  use  of  gunpowder, 
the  work  which  the  human  arm  must  accomplish  in  the  casa 
of  the  air-gnn  is  spared. 

In  the  mightiest  of  our  machines,  the  steam  engine,  it  is  a 
strongly  compressed  al-rlform  body,  water  vapour,  which,  by 
its  effort  to  expand,  sets  the  machine  in  n[totion.  Here  also, 
we  do  not  condense  the  steam  by  means  of  an  external 
mechanical  force,  but  by  commnnicating  heat  to  a  mass  of 
water  in  a  closed  boiler,  we  change  this  water  into  steaia, 
which,  in  consequence  of  the  limits  of  the  space,  is  developed 
nnder  strong  pressure.  In  this  case,  therefore,  it  is  the  heat 
commnnicated  which  generates  the  mechanical  force.  The 
heat  thus  necessary  for  the  machine  we  might  obtain  in  many 
ways  ;  the  ordinary  method  is  to  procure  it  Irom  the  combna- 
lion  of  coaL 

Combustion  is  a  cheniical  process.  A  particular  constit» 
ant  of  our  atr.:o:pheTe,  oxygen,  possesses  a  strong  force  of 
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^oo,  or,  BS  it  is  named  in  chemiatiy,  a  strong  affinity 
for  the  constituents  of  the  combuBtible  body,  which  affinity, 
however,  ia  most  cases,  can  only  exert  itself  at  high  tempera- 
tures. As  soon  as  a  portion  of  the  combustible  body,  for  ex- 
ample the  coal,  is  sufficiently  heated,  the  carbon  unites  itself 
with  great  violence  lo  the  oxygen  of  the  atmosphere  and  forma 
a  peculiar  gas,  carbonic  acid,  the  same  which  wc  see  foaming 
from  beer  and  champagne.  By  this  combination,  light  and  heat 
are  generated ;  heat  is  generally  developed  by  any  combination 
of  two  bodies  of  strong  affinity  for  each  other ;  and  when  the 
heat  is  intense  enough,  light  appears.  Hence,  in  the  steam 
engine,  it  is  chemical  processes  and  chemical  forces  which  pro- 
duce the  astonishing  work  of  these  machines.  In  hke  manner 
the  combustion  of  gunpowder  ia  a  chemical  process,  wliicb, 
in  the  barrel  of  the  gim,  communicates  living  force  to'the 
bullet. 

While  now  the  steam  engine  develops  for  ua  mechanical 
work  out  of  heat,  we  can  conversely  generate  heat  by  mechani- 
cal forces.  A  skilful  blacksmith  can  render  an  iron  wedge  red 
hot  by  hammering.  The  axles  of  our  carriages  must  be  pro- 
tected by  careful  greasing,  from  igmtion  through  friction. 
Even  lately  this  property  has  been  applied  on  a  large  scale.  In 
some  factories,  where  a  surplus  of  water  power  is  at  hand,  this 
surplus  is  applied  to  cause  a  strong  iron  plate  to  rotate  swiftly 
upon  another,  so  that  they  become  strongly  heated  by  the  fric- 
tion. The  beat  so  obtained  warms  the  foom,  and  thus  a  stove 
withont  fuel  is  provided.  Now,  could  not  the  heat  generated 
by  the  plates  be  apphed  to  a  small  steam  engine,  which,  in  its 
tnm,  should  be  able  to  keep  the  rubbing  plates  in  motion? 
The  perpetual  motion  would  thus  be  at  length  found.  This 
question  might  be  asked,  and  could  tot  be  decided  by  tba 
older  mathematico-mechanical  investigations.  I  will  remark, 
beforehand,  that  the  general  law  which  I  will  Jay  before  you 
answers  the  question  in  the  negative. 

By  a  similar  plan,  however,  a  speculative  American  set 
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floKie  time  ago  the  induatrial  world  of  Europe  in  cscitemeut 
The  magneto  electriu  machines  ottea  moile  uae  of  in  llie 
of  rheumatic  disorders  are  well  known  to  the  public.  By 
imparting  a  swift  rotation  to  the  magnet  of  such  a  machine, 
we  obtain  powerful  ciirrenta  of  electricity.  If  those  be  con* 
ducted  through  water,  the  latter  will  be  reduced  into  its  twa 
components,  oxygen  and  hydrogen.  By  the  combustion  of 
hydrogen,  water  ia  again  generated.  If  this  combustion  takes 
place,  not  in'  atmospheric  air,  of  which  oxygen  only  conjtt 
tutes  a  fiAh  part,  but  in  pure  oxygen,  and  if  a  bit  of  chalk  be 
placed  in  tlie  flame,  the  chalk  will  be  raised  to  a  white  heat, 
and  give  us  the  sun-like  Drummond'a  light.  At  the  . 
time,  the  dame  develops  a  considerable  quantity  of  beat. 
Our  American  proposed  to  utilize  in  this  way  the  gasei 
obtained  from  electrolytic  decomposition,  and  asserted  that  by 
the  combustion  a  sufficient  amount  of  heat  was  generated  to 
keep  a  small  steam  engine  in  action,  wliioh  again  drove  hifl 
magDcto-clectric  machine,  decomposed  the  water,  and  thus 
continually  prepared  its  own  fuel.  This  would  certainly  liava 
been  the  most  splendid  of  all  discoveries ;  a  perpetual  motioD 
which,  besides  the  force  which  kept  it  going,  generated  light 
like  the  sun,  and  warmed  all  aroimd  it.  The  matter  was  by 
no  means  badly  cogitated.  Each  practical  step  in  the  afiair 
was  known  to  be  possible ;  but  those  who  at  that  time  wera 
acquainted  with  the  physical  investigations  which  bear  upon 
this  subject  could  have  affirmed,  on  the  first  hearing 
report,  that  the  matter  was  to  be  numbered  among  the  nmnep- 
ouB  stories  of  the  fable-rich  America ;  and  indeed,  a  iablo  it 
remained. 

It  is  not  necessary  to  multiply  examples  further.  You 
will  infer  from  those  given,  in  v;-hat  immediate  connoctioii 
heat,  electricity,  magnetism,  light,  and  chenucal  affinity,  stand 
with  mechanical  forces. 

Starting  from  each  of  these  dlfierent  mantfcBtationa  of 
nBtoral  forces,  we  can  set  every  other  in  motion,  for  the  ; 
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part  not  in  one  way  merely,  but  in  many  ways.     It  is  liere  as 
with  the  weaver's  web, — 

Where  a  stop  stirs  a  thousand  threads, 

The  shuttles  shoot  from  side  to  side, 

The  fibres  flow  unseen, 

And  one  shook  strikes  a  thousand  combinations. 

• 

Now  it  is  clear  that  if  by  any  tneans  we  could  succeed,  as 
the  above  American  professed  to  have  done,  by  mechanical 
forces,  to  excite  chemical,  electrical,  or  othef  natural  pro- 
cesses, which,  by  any  circuit  whatever,  and  without  altering 
permanently  the  active  masses  in  the  machine,  could  produce 
mechanical  force  in  greater  quantity  than  that  at  first  applied, 
a  portion  of  the  work  thus  gained  might  be  made  use  of  to 
keep  the  machine  in  motion,  while  the  rest  of  the  work  might 
be  applied  to  any  other  purpose  whatever.  The  problem 
was,  to  find  in  the  complicated  net  of  reciprocal  actions,  a 
track  through  chemical,  electrical,  magnetical,  and  thermic 
processes,  back  to  mechanical  actions,  which  might  be  followed 
with  a  final  gain  of  mechanical  work ;  thus  would  the  perpet- 
ual motion  be  found. 

But,  warned  by  the  futility  of  former  experiments,  the 
public  had  become  wiser.  On  the  whole,  people  did  not  seek 
much  after  combinations  which  promised  to  furnish  a  perpetual 
motion,  but  the  question  was  inverted.  It  was  no  more 
asked.  How  can  I  make  use  of  the  known  and  unknown  rela- 
tions of  natural  forces  so  as  to  construct  a  perpetual  motion  ? 
but  it  was  asked.  If  a  perpetual  motion  be  impossible,  what 
are  the  relations  which  must  subsist  between  natural  forces  ? 
Everything  was  gained  by  this  inversion  of  the  question. 
The  relations  of  natural  forces  rendered  necessary  by  the 
above  assimiption,  might  be  easily  and  completely  stated.  It 
was  found  that  aU  known  relations  of  force  harmonize  with 
the  consequences  of  that  assumption,  and  a  series  of  unknown 
relations  were  discovered  at  the  same  time,  the  correctness  of 
12 
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lirjuids  and  gaacB,  could  only  be  sought  after  by  bewildered 
and  ill-instructed  people.  But  tliere  are  Still  other  natnnd 
forcea  which  are  not  reckoned  among  the  purely  moving 
forces, — heat,  electricity,  magoelLsni,  light,  chemical  forces, 
all  of  which  nevertheless  stand  in  manifold  relation  to  me- 
chanical processes.  There  Is  hardly  a  natural  process  to  be 
found  which  is  not  accompanied  by  mechanical  actions,  or 
from  which  mechanical  work  may  not  be  derived.  Here  the 
question  of  a  perpetual  motion  remained  open  ;  the  decision 
of  this  queation  marks  the  progress  of  modem  physics. 

In  the  case  of  the  air-gun,  the  work  to  be  accomplished  in 
the  propulaion  of  the  ball  was  given  by  the  arm  of  the  man 
■who  pumped  in  the  air.  In  ordinary  flrearma,  the  condensed 
mass  of  air  which  propels  the  buUct  is  obtained  in  a  totally 
different  manner,  namely,  by  the  combustion  of  the  powder. 
Gunpowder  ia  tranaformed  by  combustion  for  the  most  port 
into'  gaseous  products,  which  endeavor  to  occupy  a  much 
larger  space  than  that  previously  taken  up  by  the  volume  of 
the  powder.  Thus,  you  see,  that,  by  the  use  of  gunpowder, 
the  work  which  the  human  arm  must  accomplish  in  the  case 
of  the  air-gan  is  spared. 

In  the  mightiest  of  om:  machines,  the  steam  engine,  it  is  a 
strongly  compressed  atriform  body,  water  vapour,  which,  by 
its  effort  to  expand,  sets  the  machine  in  motion.  Here  alao, 
we  do  not  condense  the  steam  by  means  of  as  external 
mechanical  force,  but  by  communicating  heat  to  a  maaa  of 
water  in  a  closed  boiler,  we  change  this  water  into  steam, 
which,  in  consequence  of  the  limits  of  the  space,  is  developed 
under  strong  pressure.  In  this  case,  therefore,  it  is  the  heat 
communicated  which  generates  the  mechanical  force.  The 
heat  thus  necessary  for  the  machine  we  might  obtain  in  many 
waya  ;  tbi?  ordinary  method  is  to  procure  it  irom  (he  comboa- 
lion  of  coal. 

Combustion  is  a  chemical  process.     A  particular  constito- 

,nf  our  alL:o.-pliere,  osygen,  possesses  a  strong  force  of 
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HofL,  or,  as  H  ia  named  in  cliemistry.  a  strong  afliniiy 
fcr  tbe  coDSIitDenU  of  the  combustible  body,  irliich  afliuitv, 
however,  in  most  cases,  can  onlj  exert  iiself  at  high  tempera- 
tures. As  aoon  as  a  portion  of  the  combustible  bodv,  for  ex- 
ample the  coal,  is  snfBciently  heated,  the  carbon  iinitea  itsulf 
willi  great  violence  to  the  oxygen  of  the  atmosphere  and  fornu 
a  peculiar  gas,  carbonic  acid,  the  same  which  we  sec  foaming 
from  beer  and  champagne.  Bythis  combination,  light  and  heat 
are  generated ;  heat  b  generally  developed  by  any  combination 
of  two  IwdieB  of  strong  affinity  for  each  other ;  and  when  the 
heat  ia  intense  enough,  light  appears.  Hence,  in  the  «toam 
engine,  it  is  chemical  processes  and  chemical  forces  which  pro- 
duce the  astonishing  work  of  these  machines.  In  hkc  maimur 
the  combustion  of  gunpowder  is  a  chemical  process,  wliich, 
in  the  barrel  of  the  gnn,  communicates  living  force  to  the 
bullet. 

While  now  the  Bteam  engine  develops  for  us  mechanical 
work  ont  of  heat,  we  can  conversely  generate  heat  by  mechani' 
cal  forces.  A  skilful  blacksmith  can  render  an  iron  wedge  rud 
hot  by  hammering.  The  axles  of  our  carriages  must  be  pro- 
tected by  carefhl  greasing,  from  ignition  through  friction. 
Even  lately  this  property  has  been  applied  on  a  large  scale.  In 
some  factories,  where  a  surplna  of  water  power  Is  at  hand,  this 
surplus  is  applied  to  cause  a  strong  iron  plate  lo  rotate  swiftly 
upon  another,  bo  that  ihcy  become  strongly  healed  by  the  frJc* 
lion.  The  beat  so  obtained  warioa  the  foom,  and  thus  a  stovo 
without  fuel  is  provided.  Now,  could  not  the  heat  generated 
by  the  plates  he  applied  to  a  small  steam  engine,  wliich,  iu  its 
turn,  should  be  able  to  keep  the  rubbing  plates  in  motion? 
The  perpetual  motion  would  thus  be  at  length  found.  This 
question  might  bo  asked,  and  could  'Sot  bo  decided  by  the 
older  mathematico-mechanical  investigations.  I  will  remark, 
beforehand,  that  the  general  law  which  I  will  lay  before  you 
answers  tbe  question  in  tbe  negative. 

By  a  similar  plan,  however,  a  speculative  Americun  set 
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BOme  time  ago  tho  iodnstrial  world  of  Europe  in  excitemeut 
Tlio  magneto- electric  machines  often  made  uae  of  in  the  ca* 
of  rheumatic  disorders  are  well  known  to  the  public.  B 
imparling  a  swift  rolatioa  to  the  magnet  of  such  a  tnacMni 
we  obtain  powerful  currents  of  electricity.  If  those  be  eoi 
ducted  through  water,  the  latt«r  will  be  reduced  into  its 
components,  oxygen  and  Iiydrogen.  By  the  combustion  c 
hydrogen,  water  is  again  generated,  If  this  combustion  taki 
place,  not  in-  atmospheric  air,  of  which  oxygen  only  coutt 
tntes  a  fifth  part,  but  in  pure  oxygen,  and  if  a  bit  of  ehalk  I 
placed  in  the  flame,  the  chalk  will  be  raised  to  a  wliite  bea 
and  give  us  the  sun-like  Drummond's  light.  At  the  eani 
time,  the  flame  develops  a  considerable  quantity  of  heat. 
Our  American  proposed  to  utilize  in  this  way  the  gasei 
obtained  &om  electrolytic  decomposi^on,  and  asserted  that  by 
the  combustion  a  sufficient  amount  of  heat  was  generated  to 
keep  a  small  steam  engine  in  action,  which  again  dr 
magneto-electric  machine,  decomposed  the  water,  and  thus 
continually  prepared  its  own  fuel.  This  would  certainly  tiave 
been  the  most  splendid  of  aJl  discoveries  ;  a  perpetual  motion 
which,  besides  the  force  which  kept  it  going,  generated  light 
hke  the  sun,  and  wanned  all  around  it.  The  matter  was  by 
no  means  badly  cogitated.  Each  practical  step  in  the  aflai; 
was  known  to  be  possible ;  but  those  who  at  that  time 
acquainted  witli  the  physical  investigations  which  bear 
this  subject  could  have  affirmed,  on  the  first  hearing  tha 
report,  that  the  matter  was  to  be  numbered  among  the 
ous  stories  of  the  fable-rich  America ;  and  indeed,  a  fable  it 
remained. 

It  is  not  necessary  to  multiply  examples  further.  You 
will  infer  from  those  given,  in  what  immediate  connection 
heat,  electricity,  magnetism,  light,  and  chemical  affinity,  stand 
with  meclianieol  forces. 

Starting  from  each  of  these  different  manifestations  of 
natural  forces,  we  can  set  every  other  it)  motion,  for  the  moet-' 
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part  not  in  one  way  merely,  but  in  many  ways.     It  is  liere  as 
with  the  weaver's  web, — 

Where  a  step  stirs  a  thousand  threads, 

The  shuttles  shoot  froiu  side  to  side, 

The  fibres  flow  nuseen, 

And  one  shock  strikes  a  thousand  combinations. 

■ 

Now  it  is  clear  that  if  by  any  means  we  could  succeed,  as 
the  above  American  professed  to  liave  done,  by  mocliaiiicul 
forces,  to  excite  chemical,  electrical,  or  othef  natural  pro- 
cesses, which,  by  any  circuit  wliatever,  and  witiiout  altcrjii;^ 
permanently  the  active  masses  in  the  machine,  could  jiroduce 
mechanical  force  in  greater  quantity  than  that  at  first  ajijdicd, 
a  portion  of  the  work  thus  gained  mi^jjt  be  ma<le  use  of  Xo 
keep  the  machine  in  motion,  wliile  the  rest  of  the  work  rjjj;riit 
be  applied  to  any  other  purpose  whatever.  Tlie  probl«;iii 
was,  to  find  in  the  complicated  net  of  reciprocal  af^tions,  a 
track  through  chemical,  electrical,  ma;metjcal,  and  tlicnnic 
processes,  back  to  mechanical  actions,  whicli  mi;rljt  )>e  followed 
with  a  final  gain  of  mechanical  work ;  thus  would  the  pcrrp<;l- 
ual  motion  be  found. 

But,  warned  by  the  futility  of  former  experiincutH,  the 
public  had  become  wiser.  On  the  whole,  pcjople  did  not  HiU'.k 
much  after  combinations  which  promised  to  furnish  a  p(,'r])(;1  ual 
motion,  but  the  question  was  inverted.  It  was  no  more 
asked.  How  can  I  make  use  of  the  known  and  unknown  rela- 
tions of  natural  forces  so  as  to  construct  a  perj>etual  motion? 
but  it  was  asked,  If  a  perpetual  motion  be  imi^oKsible,  what 
are  the  relations  which  must  subsist  between  natural  forces? 
Everything  was  gained  by  this  inversion  of  the  question. 
The  relations  of  natural  forces  rendered  necessary  by  the 
above  assumption,  might  be  easily  and  completely  stated.  It 
was  found  that  all  know^n  relations  of  force  harmonize  mth 
the  consequences  of  that  assumption,  and  a  series  of  unknown 
relations  were  discovered  at  the  same  time,  the  correctness  of 
12 
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III.— MEASURE  OF  THE  SUN'S  HEAT. 

The  actinometer  is  an  matrument  invented  by  Sir  Jolm 
Herschel  for  the  purpose  of  measuring  the  heating  effiect 
produced  by  the  sun's  rays.  It  is  CHsenlially  a  thermometer 
with  a  largo  cylindrical  bulb  filled  with  a  blue  liquid,  which 
is  acted  upon  by  the  sun's  rays,  and  the  expansion  of  which 
is  measured  by  a  graduated  scale. 

From  observations  made  with  this  instrument,  Sir  John 
Herschel  calculates  the  amount  of  heat  received  from  the  sun- 
to  be  sufficient  to  melt  annually  at  tlie  surface  of  the  globe  a 
crust  of  ice  29-3  metres  in  thickness. 

PouiUet  has  recently  shown  by  some  careful  experimenta 
with  the  lens  pyrheliomctor,  an  instrument  invented  by  him- 
self, that  every  square  centimetre  of  the  surface  of  our  globe 
receives,  on  an  average,  in  one  minute  an  amount  of  solar 
heat  which  would  raise  the  temperature  of  one  gramme  of 
water  0'4408°.  Not  much  more  than  one-lialf  of  this  quan- 
tity of  heat,  however,  reaches  the  solid  sarfacc  of  our  gl 
since  a  considerable  poi-tion  of  it  is  absorbed  by  our  atmo- 
sphere. The  layer  of  ico  which,  according  to  PouiUet,  could 
he  melted  by  the  solar  heat  which  yearly  reaches  our  globe 
would  have  a  thickness  of  30*89  metres. 

A  square  metre  of  our  earth's  surface  receives,  tberefore, 
according  to  Pouillet's  resulls,  which  we  shall  adopt  in  the 
following  pages,  on  an  average  in  one  minute  4-408  units  of 
heat.  The  whole  surface  of  the  earth  is  =  9,260,500  geo. 
graphical  square  miles"  i  consequently  the  earth  receives  in 
one  minute  2247  billions  of  units  of  heat  from  the  sun, 

la  order  to  obtain  smaller  numbers,  we  shall  call  the 

quantity  of  heat  necessary  to  raise  a  cubic  mile  of  water  I" 

*  The  geographical  mile —i  7430  metrcB,  anil  one  EDgUahmllc^lSOl 
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I  temperature,  a  cubic  niilB  of  heat.  Since  one  cubic 
uule  of  water  weiglia  408"54  billions  of  kilogrammes,  a  cubic 
mile  of  beat  coDtaina  408'54  billions  of  tmits  of  heat.  The 
effect  produced  by  the  rays  of  tbe  aim  on  the  auiiace  of  the 
earth  in  one  minute  ie  therefore  5-5  cubic  m3es  of  beat. 

Let  UB  ima^ao  tl^e  sun  to  be  surrounded  by  a  hollow 
sphere  whose  radius  is  equal  to  the  mean  distance  of  tlie 
earth  from  the  sun,  or  20,589,000  geographical  miles ;  the 
surface  of  this  sphere  wonld  be  equal  to  5326  billions  of 
square  miles.  The  aarface  obtained  by  the  intersection  of 
this  hollow  sphere  and  onr  globe,  or  the  base  of  the  cone  of 
solar  light  which  reaches  onr  earth,  stands  to  the  whole  sur- 
face of  this  hollow  sphere  as  -^—  ;  5326  billions,  or  as  1  to 
2300  miUions.  This  is  the  ratio  of  the  heat  received  by 
onr  globe  to  the  whole  amount  of  heat  sent  forth  from  the 
sun,  which  latter  ia  one  minute  amouale  to  12,650  millione 
of  cubic  miles  of  heat. 

This  amazing  radiation  ought,  unless  the  loss  Is  by  some 
means  made  good,  to  cool  cotisiderably  even  a  body  of  the 
magnitude  of  the  sun. 

If  we  aBSume  the  aun  to  be  endowed  with  the  same  capa- 
ci^  for  heat  as  a  mass  of  water  of  the  same  volume,  and  its 
loss  of  heat  by  radiation  to  affect  unilbrmly  its  whole  mass, 
the  temperature  of  the  sun  ought  to  decrease  VS  C.  yearly, 
and  for  the  historic  time  of  5000  years  this  loss  would  conse- 
quently amount  to  9000  '  C. 

A  uniform  coolittg  of  the  whole  of  the  sun's  huge  mass 
catmot,  however,  take  place  ;  on  the  contrary,  if  the  radiation 
were  to  occur  at  tlie  expense  of  a  given  store  of  heat  or  ra- 
diant power,  the  sua  would  become  covered  in  a  short  space 
of  time  with  a  cold  crust,  whereby  radiation  would  be  brought 
to  an  end.  Consideriog  the  continued  activity  of  the  suu 
through  countless  centuries,  we  may  assume  with  malliemati- 
cal  certainty  the  existence  of  some  compensating  influence  to 
make  good  its  e 
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Is  this  restoring  agency  a  chemical  process 

If  Buch  Trere  the  case,  the  most  favourable  aasiimpticiQ 
would  be  to  suppose  the  whole  mass  of  the  sun  to  be  ona 
lamp  of  coal,  the  combustion  of  every  kilogrnnaine  ef  which 
produces  6000  units  of  heat.  Then  the  sun  would  only  bQi 
able  to  sustain  for  forty-six  coutnries  ite  present  expeuditura 
of  light  and  heat,  not  to  mention  the  osygen  necessary  to 
keep  up  such  an  immense  combustion,  and  other  unfaTOursble'. 
circumetancea. 

The  revolution  of  the  sun  on  his  axis  has  be' 
as  the  cause  of  his  radiating  energy.     A  closer  examinaliDa 
proves  this  hypothesis  also  to  be  untenable. 

Rapid  rotation,  without  friction  or  resistance,  cannot  is 
itself  alone  be  regarded  as  it  cause  of  light  and  heat, 
cially  as  the  sun  is  in  no  way  to  be  distinguished  &om  the 
other  bodies  of  our  system  by  velocity  of  axial  rotation.  The- 
sun  turns  on  his  axis  in  about  twcnty-flve  days,  and  his  diam- 
eter is  nearly  112  times  as  great  as  that  of  the  earth,  from 
which  it  follows  that  a  point  on  tlie  solar  equator  travels  but 
a  little  more  than  four  times  as  quickly  as  a  point 
earth's  equator.  The  largest  planet  of  the  solar  system, 
whose  diameter  is  about  foth  tliat  of  the  sun,  tuma  on  its  axis 
in  less  than  ten  hours  ;  a  point  on  its  equator  revolves  about 
six  times  quicker  than  one  on  tlie  solar  equator.  The  outer 
ring  of  Saturn  exceeds  the  sun's  equator  more  than  ten  times 
in  velocity  of  rotation.  Nevertheless  no  generation  of  lig^ 
or  heat  is  observed  on  our  globe,  on  Jupiter,  or  on  the  ring- 
of  Saturn. 

It  might  be  thought  that  friction,  though  undeveloped  in 
(he  case  of  the  othei'  celestial  bodies,  might  be  engendered  b^ 
the  sun's  rotation,  and  that  such  friction  might  generate  enoiv 
mou3  quantities  of  heat.  But  for  the  production  of  friction 
two  bodies,  at  least,  are  always  necessary  which 
dlate  contact  vrith  one  another,  and  which  move  with  diffei^ 
ent  velodtieB  or  in  different  directions.     Friction, 
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a  teudcDCy  to  prodace  equal  motion  of  tlie  two  rubbing 
bodies ;  and  nheii  this  ia  attained,  tbe  generalion  of  heat 
ceasea.  If  now  the  sun  bo'tho  one  moving  body,  wbcre  ia 
the  other?  and  if  tbe  second  body  exist,  what  power  prevents 
it  from  assuming  the  same  rolory  motion  as  the  sun  ? 

But  eould  even  these  difliculties  be  disregarded,  a  weight- 
ier and  more  formidable  obstacle  opposes  this  hypothesis. 
The  known  volume  and  mass  of  the  sun  allow  us  to  caloulato 
the  ins  viLiQ  which  he  possesses  in  consequence  of  his  rotation. 
Assimiing  his  density  to  he  imifonn  throughout  his  mass,  and 
his  period  of  rotation  twenty-five  days,  it  is  equal  to  162,300 
quintUlions  of  kilogrammetres  (Km).  But  Tor  one  nuit  of 
heat  generated,  367  K"m  are  consumed ;  consequently  tbe 
whole  rotation-effect  of  the  sun  eould  only  cover  the  expendi- 
ture of  heat  for  the  apace  of  18S  years. 

The  apace  of  our  solar  system  is  filled  with  a  great  num- 
ber of  ponderable  objects,  which  have  a  tendency  to  move 
towards  the  centre  of  gravity  of  the  sun ;  and  in  so  doing, 
their  rate  of  motion  is  more  and  more  accelerated. 

A  masa,  without  motion,  placed  within  tlie  sphere  of  the 
Bun's  attraction,  wiD  obey  this  attraction,  and,  if  ihere  bo  no 
disturbing  influences,  wiU  fall  in  a  straight  line  into  the  sun. 
In  reality,  however,  such  a  rectilinear  path  can  sciurcely  occur, 
OB  may  be  shown  by  CKperunent. 

Let  a  weight  be  suspended  by  a  string  so  that  it  can  only 
touch  the  floor  in  one  point.  Lift  the  weight  up  to  a  certain 
height,  and  at  the  same  time  stretch  the  string  out  to  ita  full 
length ;  if  (he  weight  be  now  allowed  to  fall,  it  will  be  ob- 
served, almost  in  every  case,  not  to  rcacli  at  once  tbe  point  on 
the  floor  towards  which  it  tends  to  move,  but  to  move  round 
this  point  for  some  time  in  a  curved  line. 

Tbe  reason  of  this  phenomenon  is  that  the  slighlest  devia- 
*ion  of  the  weight  from  its  shorteat  route  towards  the  point 
on  the  floor,  caused  by  some  disturbing  influence  such  as  tba 
feaistaoce  of  the  air  against  a  not  pertcctly  uniform  surface^ 
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motion  lasta.     It  is  iievemie> 
nove  at  once  to  the  point ;  tba 


will  maintain  itself  as  long 

less  possible  for  the  weight  t 

probability  of  its  doing  so,  however,  becomes  the  less  as  the 

height  fivjm  which  it  ie  allowed  to  drop  increases,  or  the  atringj 

by  means  of  which  it  is  suspended,  ia  lengthened. 

Similar  laws  inflnenee  the  movements  of  bodies  in  the 
apace  ot  the  solar  system.  The  height  of  the  fall  is  here 
represented  by  the  original  distanco  from  the  sun  at  which  the 
body  begins  to  move  ;  the  length  of  the  string  by  the 
attraction,  which  increases  when  the  distance  decreases ;  and 
the  small  surface  of  contact  on  the  floor  by  the  area  of  the 
section  of  the  sun's  sphere.  J£  now  a  cosmieal  mass  within 
the  physical  limits  of  the  sun's  sphere  of  attraction  begins  ita 
fall  towards  that  heavenly  body,  it  wiU  be  disturbed  in  ita 
long  path  for  many  centuries,  at  first  by  the  nearest  fixed 
BtoTB,  and  afterwards  by  the  bodies  of  the  solar  ayat 
Motion  of  such  a  mass  in  a  straight  line,  or  its  perpendicular 
fall  into  the  sun,  would,  therefore,  under  'such  conditions,  be 
impossible.  The  observed  movement  of  all  planetary  bodies 
in  closed  curves  agrees  with  this. 

We  shall  now  return  to  the  example  of  the  weight  sns* 
pended  by  a  string  and  oscillating  round  a  point  towards 
which  it  is  attracted.  The  diameters  of  the  orbits  described 
by  this  weight  are  observed  to  be  nearly  equal ;  continued  ob* 
servation,  however,  shows  that  these  diameters  gradually  di> 
mioish  in  length,  so  that  the  weight  will  by  degrees  approati 
the  point  in  which  it  can  touch  the  floor.  The  weight,  how- 
ever, touches  the  floor  not  in  a  mathematical  point,  bat 
small  surface  ;  as  soon,  therefore,  as  the  diameter  of  the  c 
in  which  the  weight  moves  is  equal  to  tlie  diameter  of  thia 
Burface,  the  weight  will  (ouch  the  floor.  This  final  contact 
no  accidental  or  i;nprobahie  event,  but  a  necessary  phenom 
non  caused  by  the  resistance  which  the  oscillating  masa  eOD> 
Btantly  suffers  from  the  air  and  Irictiou.  If  all  resialanMl 
conld  be  annihilnlcd,  tlie  motion  of  the  weight  would  of' 
eontinue  m  equal  oscillations. 
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^'The  BBBie  law  holds  good  for  celestial  bodies. 

The  movements  of  celestial  bodies  in  an  absolute  vacuoio 
would  be  as  nniform  as  those  of  a  mathematical  pendulum, 
whereas  a  resisting  medium  pervading  all  space  would  cause 
the  planela  to  move  in  shorter  and  shorter  orbits,  and  at  last 
to  fall  into  the  Him. 

Assuming  such  a  resisting  medium,  these  wandering  c» 
lestial  bodies  must  have  on  the  periphery  of  the  solar  system 
their  cradle,  and  in  its  centre  their  grave ;  and  however  long 
the  duration,  and  however  great  tlie  number  of  their  revolu- 
tions may  be,  as  many  maasea  will  on  the  average  in  a  cer- 
tain time  arrive  at  the  sun  as  formerly  in  a  like  period  of 
time  came  within  his  sphere  of  attraction. 

All  thefle  bodies  plunge  with  a  violent  impetus  into  their ' 
coDomon  grave.  Since  no  canse  exists  without  an  efiect,  each 
of  these  cosmical  masses  will,  like  a  weight  falling  to  the 
earth,  produce  hy  its  percussion  an  amount  of  heat  propor- 

From  the  idea  of  a  sun  whose  attraction  acts  throughout 
space,  of  ponderable  bodies  scattered  throughout  the  universe, 
and  of  a  resisting  tether,  another  idea  necessarily  ibltows — 
that,  namely,  of  a  continual  and  inexhaustible  generation  of 
heat  on  the  central  body  of  this  cosmical  system. 

Whether  such  a  conceptiou  be  realized  in  our  solar  system 
— whether,  ia  other  words,  the  wonderful  and  permanent  evo- 
lution of  light  and  heat  be  caused  by  the  uninterrupted  fall 
of  cosmical  matter  into  the  sun — will  now  be  more  closely 

The  exisfence  of  matter  in  a  primordial  condition  (  Urmor 
terie),  moving  about  in  the  universe,  and  assumed  to  follow 
the  attraction  of  the  nearest  stellar  system,  will  scarcely  be 
denied  by  astronomers  and  physicists ;  for  the  richness  of 
surrounding  nature,  as  well  as  the  aspect  of  the  starry  heav- 
ens, prevents  the  belief  that  the  wide  space  which  separates 
r  Bolar  syatem  fromr  the  regions  governed  by  the  otJier  fixed 
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Btars  ia  a  vacant  solitude  destitute  of  mattor. .  We  shall  I 
leave,  however,  all  suppositiona  concerning  snlijects  so  diataTit  ■ 
Irom  ns  both  in  time  and  space,  and  confine  our  attenlian  ex  f 
cluaivelj  to  what  may  be  learnt  from  the  oheervation  of  tLe  ■ 
existing  state  of  things. 

Besides  the  fourteen  known  planets  with  their  eighteen 
sateUites,  a  great  many  other  coamical  masses  move  within 
the  space  of  the  planetary  system,  of  which  the  comets  de- 
serve to  be  mentioned  first. 

Kepler's  celebrated  statement  that  "  there  are  more  c 
eta  in  the  heavens  than  fish  in  the  ocean,"  is  founded  on 
fact  that,  of  all  the  comets  helonging  to  our  solar  system, 
comparatively  few  can  be  Been  by  the  inhabitants  of  the  earth, 
and  therefore  the  not  inconsiderable  number  of  actually  ol^ 
served  comets  obliges  us,  according  to  the  rules  of  the  calcu- 
lus of  probabilities,  to  assume  the  existence  of  a  great  many 
more  beyond  the  sphere  of  our  vision. 

Besides  planets,  satellites,  and  comets,  another  claas  ot 
celestial  bodies  exists  wilhin  our  solar  system.  These  ars 
masses  which,  on  account  of  their  smallness,  may  be  conmd* 
ered  as  cosmical  atoms,  and  which  Arago  has  appropriately^ 
called  asteroids.  They,  like  the  planets  and  the  comets,  an 
governed  by  gravity,  and  move  in  elliptical  orbils  round  the 
Bun.  When  accident  brings  them  into  the  immediate  neigh> 
bourhood  of  the  earth,  they  produce  the  phenomena  of  shoot* 
ing-stdrs  and  fireballs. 

It  has  been  shown  by  repeated  observation,  that  on  s 
bright  night  twenly  minutes  seldom  elapse  without  a  shooting 
star  being  visible  to  an  observer  in  any  situation.  At  certun 
times  these  meteors  are  observed  in  astonishingly  great  nnm> 
bera ;  during  the  meteoric  shower  at  Boston,  which  lasted 
nine  hours,  when  they  were  said  to  fall  "  crowded  together 
like  snow-flakes,"  they  were  estimated  as  at  least  240,000* 
On  the  whole,  the  number  of  asteroids  which  come  near  ih* 
earth  in  the  space  of  a  year  must  be  computed  to  be  man] 
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fiioneands  of  mlUioiiB.     Tliis,  witLout  doubt,  is  dnly  a  aiuall 

fraction  of  the  uumbLT  of  aateroids  that  move  rouad  the  snn, 
which  number,  according  to  the  rulcB  of  the  calculus  of  prob- 
abilities, approaches  tbe  infinite. 

As  has  been  already  staled,  on  the  esistence  of  a  resisting' 
sther  it  depends  whether  tbe  celestial  bodies,  the  planets,  tlie 
coic^ts,  and  Ibe  asteroids  move  at  constant  mean  distances 
round  the  sun,  or  whether  they  are  constantly  approaciiing 
that  central  body. 

Scientjflc  men  do  not  doubt  the  existence  of  auch  an  aether. 
Littrow,  amongst  others,  exprcsBcs  himself  on  this  point  as 
fbUowa  : — "  The  assumption  that  the  planets  and  the  eomela 
move  in  an  absolute  vacuum  can  in  no  way  be  admitted. 
Even  if  the  space  between  celestial  bodies  contained  no  other 
matter  than  that  necessary  for  the  existence  of  light  (wlietber 
light  be  considered  as  emission  of  matter  or  the  undulations 
of  a  universal  aether),  this  alone  is  sufficient  to  alter  the  mo- 
tion of  the  planets  in  the  course  of  time  and  the  arrangement 
of  the  whole  system  itself;  the  fall  of  all  the  planets  and  the 
comets  into  the  sun  and  the  destmction  of  the  present  state 
of  the  solar  system  must  be  the  final  results  of  this  action." 

A  direct  proof  of  the  existence  of  such  a  resisting  medium 
has  been  fiimished  by  the  academician  Encke,  He  found 
that  the  comet  named  after  him,  which  revolves  round  tlie 
sun  in  the  short  Bpa«e  of  1207  days,  shows  a  regular  acceler- 
alioa  of  its  motion,  in  consequence  of  which  the  time  of  each 
revolution  is  shortened  by  about  six  hours. 

From  the  great  density  and  magnitude  of  the  planets,  the 
shortening  of  the  diameters  of  their  orbits  proceeds,  as  might 
be  expected,  very  slowly,  and  is  up  to  the  present  time  inap- 
preciable. The  smaller  the  cosmical  masses  arc,  on  the  con- 
trary, other  circumstaaces  remaining  the  same,  the  faster  they 
move  towards  the  sim ;  it  may  therefore  happen  that  in  a 
space  of  time  wherein  the  mean  distance  of  the  earth  from 
i  dun  would  diminish  one  metre,  a  small  asteroid  would 
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i  thooBaiLd  miles  tcwards  the   central 


travel  more  than  i 
body. 

Ae  cosmical  masses  stream  fraia  all  sides  in  immense 
nvunbers  towards  the  sim,  it  follows  that  they  must  became 
more  and  more  crowded  together  as  they  approach  thereto. 
The  conjecture  at  once  suggests  itself  that  tlie  zudiacal  light, 
the  nebulous  light,  of  vast  dimensions  which  Wurounds  Iha 
BUU,  owes  its  origin  to  such  cloaely-paeked  asteroids.  IIow^ 
ever  it  may  be,  this  much  is  certain,  that  this  phenomeaon  ii 
caused  by  matter  which  moves  according  to  the  same  laws  aa 
the  planets  round  the  sun,  and  it  consequently  follows  that 
the  whole  mass  which  originates  the  zodiacal  Hght  is  contrn- 
naUy  approaching  the  8un  and  falling  into  it. 

This  light  does  not  surround  the  sun  uniformly 
sides ;  that  is  to  say,  it  has  not  the  form  of  a  sphere,  but  that 
of  a  thin  convex  lens,  the  greater  diameter  of  wliich  is  in  the 
piano  of  the  solar  equator,  and  accordingly  it  has  to 
server  on  our  globe  a  pyramidal  form.  Such  lenticular  di»- 
tribution  of  the  masses  in  the  universe  is  repeated  ii 
markahle  manner  in  the  disposition  of  the  planets  and  the 
fixed  stare. 

Prom  the  great  number  of  cometary  masses  and  astoroidi 
and  the  zodiacal  light  on  the  one  hand,  and  the  existence  of  a 
resisting  lether  on  tlie  other,  it  necessarily  foUowa  that  pott- 
derable  matter  must  continually  he  arriving  on  the  solar  sui 
face.  The  effect  produced  by  these  masses  evidently  depends 
ou  their  final  velocity ;  and,  in  order  to  determine  the  latter, 
shall  discuss  some  of  the  elements  of  the  theory  of  gravitation. 

The  final  velocity  of  a  weight  attracted  by  and  moving 
towards  a  celestial  body  will  become  greater  as  the  height 
through  which  the  weight  falls  increases.  This  velocity,  how^ 
ever,  if  it  be  only  produced  by  the  fall,  cannot  exceed  a,  oew 
tain  magnitude ;  it  has  a  maximum,  the  value  of  which  de* 
pends  on  the  volume  and  mass  of  the  attracting  celestial  body 
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Let  T  be  the  radios  of  a  spherical  aod  solid  ccleslial  body 
acd  n  the  velocity  at  the  end  of  tlie  first  second  of  a  weight 
falling  on  the  surface  of  this  body  ;  then  the  greatest  velocitj 
whieh  this  weight  can  obtain  by  iu  fall  towards  the  celestial 
body,  or  the  velocity  wiih  which  it  will  arrive  at  its  surface 
after  a  faU  from  an  infinite  height,  is  i'2gr  in  one  second. 
This  nmnber,  wherein  g  and  r  are  eipressed  in  metres,  we 
shall  call  G. 

For  our  globe  the  value  of  g  is  9-8164  .  .  and  that  of  r 
6,369,800  ;  and  consequently  on  our  earth 

G=-  V(2x9-8164x6,369,800)  =  11,183. 

The  solar  radios  is  112'05  times  that  of  the  earth,  and  the 
Teloci^  produced  by  gravity  on  the  sun's  surface  is  28'36 
times  greater  than  the  same  velocity  on  the  surface  of  our 
globe ;  the  greatest  velocity  therefore  which  a  body  could  ob- 
tain in  consequence  of  the  solar  attraction,  or 

G-=  4/(28^exI12-05)xll,183^G30,400; 
that  IB,  this  maximum  velocity  is  equal  to  630,400  metres,  or 
85  geographical  miles  in  one  second. 

By  the  help  of  this  constant  number,  which  may  be  called 
the  characteristic  of  the  solar  systemj  the  velocity  of  a  body 
iu  central  motion  may  easily  be  determined  at  any  point  of  its 
orbit.  Let  a  be  the  mean  distance  of  the  planetary  body  from 
the  centre  of  gravity  of  the  sun,  or  the  greater  semidiameter 
of  its  orbit  (the  radius  of  ihe  sun  being  taken  as  unity)  ;  and 
let  i  be  the  distance  of  the  same  body  at  any  point  of  its  oibit 
from  the  centre  of  gravity  of  the  sun ;  then  llie  velociiy, 
expressed  in  metres,  of  the  planet  at  the  distance  k  is 
/2ffi-A 

At  the  moment  the  planet  comes  in  contact  with  Ihe  solar  aar 
bee,  h  is  equal  to  1,  and  its  velocity  is  therefore 
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Is  this  restoring  agency  a  chemical  process? 

If  such  were  the  case,  the  most  favourable  assiimptioii 
would  be  to  suppose  the  whole  mass  of  the  sun  to  be  one 
lump  of  coal,  the  combustion  of  every  kilogramme  ef  which 
produces  6000  units  of  heat.  Then  the  sun  would  only  be 
able  to  sustain  for  forty-six  centuries  ite  present  expenditure 
of  light  and  heat,  not  to  mention  the  oxygen  necessary  to 
keep  up  such  an  immense  combustion,  and  other  unfavourable 
circumstances. 

The  revolution  of  the  sun  on  his  axis  has  been  suggested 
as  the  cause  of  his  radiating  energy.  A  closer  examination 
proves  this  hypothesis  also  to  be  untenable. 

Rapid  rotation,  without  friction  or  resistance,  cannot  in 
itself  alone  be  regarded  as  a  cause  of  light  and  heat,  espe- 
cially as  the  sun  is  in  no  way  to  be  distinguished  frt>ni  the 
other  bodies  of  our  system  by  velocity  of  axial  rotation.  The 
sun  turns  on  his  axis  in  about  twenty-five  days,  and  his  diam- 
eter is  nearly  112  times  as  great  as  that  of  the  earth,  frx)m 
which  it  follows  that  a  point  on  the  solar  equator  travels  but 
a  little  more  than  four  times  as  quickly  as  a  point  on  the 
earth's  equator.  The  largest  planet  of  the  solar  system, 
whose  diameter  is  about  foth  that  of  the  sun,  turns  on  its  axis 
in  less  than  ten  hours ;  a  point  on  its  equator  revolves  about 
six  times  quicker  than  one  on  the  solar  equator.  The  outer 
ring  of  Saturn  exceeds  the  sun's  equator  more  than  ten  times 
in  velocity  of  rotation.  Nevertheless  no  generation  of  light 
or  heat  is  observed  on  our  globe,  on  Jupiter,  or  on  the  ring 
of  Saturn. 

It  might  be  thought  that  friction,  though  undeveloped  in 
6ie  case  of  the  other  celestial  bodies,  might  be  engendered  by 
the  sun's  rotation,  and  that  such  friction  might  generate  enor- 
mous quantities  of  heat.  But  for  the  production  of  friction 
two  bodies,  at  least,  are  always  necessary  which  are  in  imme- 
diate contact  with  one  another,  and  which  move  with  differ- 
ent velocities  or  in  different  directions.     Friction,  moreover. 
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has  a  tendency  to  produce  eqnal  motion  of  the  two  rubbing 
bodies;  and  when  this  is  attained,  the  generation  of  heat 
ceases.  If  now  the  sun  be* the  one  moving  body,  where  is 
the  other?  and  if  the  second  body  exist,  what  power  prevents 
it  from  assuming  the  same  rotary  motion  as  the  sun? 

But  could  even  these  difficulties  be  disregarded,  a  weight* 
ier  and  more  formidable  obstacle  opposes  this  hypothesis. 
The  known  volume  and  mass  of  the  sun  allow  us  to  calculate 
the  via  viva  which  he  possesses  in  consequence  of  his  rotation. 
Assimiing  his  density  to  be  uniform  throughout  his  mass,  and 
his  period  of  rotation  twenty-five  days,  it  is  equal  to  182,300 
quintillions  of  kilogrammetres  (Km).  But  for  one  unit  of 
heat  generated,  367  Km  are  consumed;  consequently  the 
whole  rotation-effect  of  the  sun  could  only  cover  the  expendi- 
ture of  heat  for  the  space  of  183  years. 

The  space  of  our  solar  system  is  filled  with  a  great  num- 
ber of  ponderable  objects,  which  have  a  tendency  to  move 
towards  the  centre  of  gravity  of  the  sun ;  and  in  so  doing, 
their  rate  of  motion  is  more  and  more  accelerated. 

A  mass,  without  motion,  placed  within  the  sphere  of  the 
sun's  attraction,  will  obey  this  attraction,  and,  if  there  be  no 
disturbing  influences,  will  fall  in  a  straight  line  into  the  suu. 
In  reality,  however,  such  a  rectilinear  path  can  scarcely  occur, 
as  may  be  shown  by  experiment. 

Let  a  weight  be  suspended  by  a  string  so  that  it  can  only 
touch  the  floor  in  one  point.  Lift  the  weight  up  to  a  certain 
height,  and  at  the  same  time  stretch  the  string  out  to  its  full 
length ;  if  the  weight  be  now  allowed  to  fall,  it  wiU  be  ob- 
served, almost  in  every  case,  not  to  reach  at  once  the  point  on 
the  floor  towards  which  it  tends  to  move,  but  to  move  round 
this  point  for  some  time  in  a  curved  line. 

The  reason  of  this  phenomenon  is  that  the  slightest  devia- 
tion of  the  weight  from  its  shortest  route  towards  the  point 
on  the  floor,  caused  by  some  disturbing  influence  such  as  the' 
resistance  of  the  air  against  a  not  perfectly  uniform  surfacCf 
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from  4600  to  9200  liraca  aa  mucL  heat  aa  would  be  generated 
by  the  combustioii  of  an  equal  mass  of  cool. 


IV.— ORIGIN    OF    THE    SUN'i 


SAT. 


The  queetion  why  the  planets  moye  in  curved  orbits,  one 
of  the  grandest  of  problems,  was  solTed  by  Newton  in  con- 
sequence, it  is  bclieyed,  of  his  rejecting  on  the  fall  of  ait  ap- 
ple. This  story  is  not  improbable,  for  wo  are  on  the  right 
track  for  the  discovery  of  truth  when  once  we  clearly  recog- 
nize that  between  great  and  small  no  qualitative  but  only  a 
qnantitative  difference  exists — when  wc  resist  the  suggestions 
of  an  ever  active  imagination,  and  look  for  the  same  laws  in 
the  greatest  as  well  aa  in  the  smallest  processes  of  nature. 

This  universal  range  is  the  essence  of  a  law  of  nature, 
and  the  toucliatone  of  the  correctnesa  of  human  theories.  We 
observe  the  fall  of  an  appl(?,  and  inveatigate  the  law  which 
governs  this  phenomenon ;  for  the  earth  we  substitute  the 
sun,  and  for  the  apple  a  planet,  and  thus  possess  ourselvea  of 
the  key  to  the  mechanics  of  the  heavens. 

Aa  the  same  lawa  prevail  in  the  greater  aa  well  as  in  the 
emaller  processes  of  nature,  Newton's  method  may  be  used  in 
solving  the  problem  of  the  origin  of  the  sun's  heat.  Wa 
.  know  the  connexioii  between  the  apace  through  which  a  body 
falls,  the  velocity,  the  vis  viva,  and  the  generation  of  heat  on 
the  surface  of  this  globe ;  if  we  again  substitute  for  the  earth 
the  sun,  with  a  mass  350,000  greater,  and  for  a  height  of  a 
faw  metres  celestial  distances,  we  obtain  a  generation  of  heat 
exiweding  all  terrestrial  measures.  And  since  we  have  suffir 
eient  reason  to  assume  the  actual  existence  of  snch  mechanir 
cal  processes  in  the  heavens,  we  find  therein  the  only  tenabla 
explanation  of  the  origin  of  the  heat  of  the  son. 
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Tho  fact  that  the  development  of  heat  by  mectanical 
meaus  ou  the  surface  of  our  globe  is,  as  a  rule,  not  so  great, 
Bud  c:aDiiot  be  so  great  aa  the  geDeration  of  the  same  aguuC 
hj  chemical  means,  as  by  eombuBtion,  follows  from  the  laws 
already  discussed ;  and  this  fact  cannot  be  used  as  an  ai'gn- 
ment  against  the  assumption  of  a  greater  development  of 
heat  by  a  greater  expenditure  of  mechanical  work.  It  has 
been  shown  that  the  heat  generated  by  a  weight  falling  li'oni 
a  height  of  367  metres  is  only  ^^th  part  of  the  heat  pro- 
duced by  the  combustion  of  the  same  weight  of  coal ;  just  aa 
small  is  the  amount  of  beat  developed  by  a  weight  moving 
with  the  not  inconsiderable  velocity  of  85  metres  in  one  sec- 
ond. £ut,  according  to  the  laws  of  mechanics,  the  efibct  is 
proportional  to  the  square  of  the  velocity ;  if  therefore  the 
weight  move  100  times  faster,  or  with  a  velocity  of  8500 
metres  in  one  second,  it  will  produce  a  greater  effect  than  tfao 
combustioQ  of  an  equal  quantity  of  coal. 

It  is  true  Uiot  so  great  a  velocity  cannot  be  obtained  by 
human  means ;  everyday  experience,  however,  shows  the  de- 
velopment of  high   degrees  of  temperature   by  mechanical 


lu  the  common  flint  and  steel,  the  particles  of  steel  which 
are  struck  off  are  sufficiently  heated  to  bum  in  air.  A  few 
blows  directed  by  a  skilful  blacksmith  with  a  sledge-hammer 
against  a  piece  of  cold  metal  may  raise  the  temperature  of 
the  metal  at  the  points  of  collision  to  redness. 

The  now  crank  of  b  steamer,  whilst  being  polished  by 
friction,  becomes  red-hot,  several  buckets  of  water  being  re- 
quired to  cool  it  down  to  its  ordinary  temperature. 

Wbeu  a  railway  train  passes  with  even  less  than  its  ordi- 
nary velocity  along  a  very  sharp  curve  of  the  line,  sparks  are 
iri>servcd  in  consequence  of  the  friction  against  the  roils. 

e  of  the  grandest  constructions  for  the  produetioa  of 
a  by  human  art  is  the  channel  in  which  the  wood  was 
i  to  glide  down  irom  the  steep  and  lofty  sides  of  Mount 
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Pilatus  into  the  plain  below.     This  wooden  channel  which    . 
was  built  about  thirty  years  ago  by  the  engineur  Knpp,  was 
9  English  miles  in  leugth ;  the  largest  trees  were  shot  down    ■ 
it  from  the  top  to  the  bottom  of  the  mountain  in  about  two    < 
minutes  and  a  half.     The  momentum  possessed  by  the  trees 
on  their  escaping  at  their  journey's  end  from  the  cLanael  was 
Buffieientlj  great  to  bury  their  thicker  eada  in  the  ground  to 
the  depth  of  from  6  to  8  metres.     To  prevent  the  wood  get-  j 
ting  too  hot  and  taking  fire,  water  was  Conducted  in  manj  ,| 
place's  into  the  channel. 

This  stupendons  mechanical  process,  when  compared  witli  j 
cosmical  processes  oo  the  sun,  appears  infinitely  small.     In 
the  latter  case  it  ia  the  mass  of  the  sun  which  attracts,  and  | 
in  lieu  of  the  height  of  Mount  Pilatus  wc  have  distaoces  o 
hundred  thousand  and  more  miles ;  the  amount  of  heat  gei 
rated  by  cosmical  falls  is  therefore  at  least  9  million  tin 
greater  than  in  our  terrestrial  example. 

!Ray3  of  heat  on  passing  through  glass  and  other  transpa*! 
rent  bodiefi  nndergo  partial  absorption,  which  difiera  in 
gree,  however,  according  to  the  temperature  of  the  so 
from  which  the  heat  is  derived.     Heat  radiated  from  sources 
less  warm  than  boHiiig  water  is  almost  completely  stopped  by  1 
thin  plates  of  glass.     As  the  temperature  of  a  source  of  heat  j 
increases,  its  rays  pass  more  copiously  through  diathermia  j 
bodies.     A  plate  of  glass,  for  example,  weakens  the  raya  of,  [ 
a  red-hot  substance,  even  when  the  latter  ia  placed  very  close  1 
to  it,  much  more  than  it  does  those  emanating  at  a  mud 
greater  distance  from  a  while-hot  body.     If  the  qnality  o 
the  sun's  rays  be  examined  in  this  respect,  their  dialhormia  I 
energy  is  found  to  be  far  superior  Ic  that  of  all  artificial  J 
sources  of  heat.     The  temperature  of  the  focus  of  a  conc&vs  I 
metallic  reflector  in  whicli  the  sim's  light  has  been  collected  .1 
is  only  diminished  from  one-seventh  to  one-eighth  by  the  i»«  J 
torpoution  of  a  screen  of  glass.     If  the  same  experiment  ImiJ 
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ide  witL  an  arlifidal  aud  luminous  boutco  of  heat,  it  is 
found  that,  tliough  the  foL-us  be  very  hot  wben  the  screen  ia 
away,  the  inlerpoaitiou  of  the  latter  cuts  off  nearly  all  the 
heal ;  moreover,  the  fociis  will  not  recover  its  former  Icmper- 
alure  when  re6ector  and  screen  are  placed  sufficioQtly  near  to 
the  source  of  beat  to  make  the  focos  appear  brighter  than  it 
did  in  the  former  position  without  the  glass  screen. 

The  empirical  law,  that  the  diatherniic  energy  of  beat  in* 
creases  with  the  temperature  of  the  source  from  which  the 
heat  ia  radial«d,  teaches  q9  that  the  sun's  surface  must  be 
much  hotter  than  the  most  powerful  process  of  combustion 
could  render  it. 

Other  methods  furnish  the  same  conclusion.  If  we  im(^ 
gine  the  sun  to  be  surrounded  by  a  hollow  sphere,  it  is  clear 
that  the  inner  surface  of  this  sphere  must  receive  all  the  heat 
radiated  from  the  sun.  At  the  distance  of  our  globe  from  the 
sun,  sach  a  sphere  would  bave  a  radius  215  times  as  great, 
and  an  area  46,000  times  as  largo  as  the  Bun  himself;  those 
luminous  and  calorific  rays,  therefore,  which  meet  tbis  spbcrir 
cal  surface  at  right  angles  retain  only  ii^'ja.th  part  of  llieir 
original  intensity.  If  it  bo  further  considered  that  our  at- 
mosphere absorbs  a  part  of  the  solar  rays,  it  ia  clear  that  the 
rays  which  reach  the  tropics  of  our  earth  at  noonday  can 
only  possess  from  i^om'li  to  ioimotb  of  tl>e  power  with  which 
they  started.  These  rays,  when  gathered  from  a  stirfaee  of 
from  5^0  6  square  metres,  and  concentrated  in  au  area  of 
one  square  centimetre,  would  produce  about  the  temperature 
which  exists  on  the  sun,  a  temperature  more  than  sufhcieat 
lo  vaporize  platinum,  rhodium,  aod  similar  metals. 

The  radiation  calculated  in  Chapter  m.  likewise  proves 
die  enormous  temperature  of  the  solar  surface.  From  the 
determination  mentioned  therein,  it  follows  tbat  each  square 
centimetre  of  the  sun's  surface  loses  by  radiation  about  80 
units  of  heat  per  minute — an  immense  quantity  in  compan 
KD  with  terrestrial  radiations, 


272  CELESTIAL  DYNAMICS. 

travel  more  than  one  thousand  miles  towards  the  central 
body. 

As  cosmical  masses  stream  from  aU  sides  in  immense 
numbers  towards  the  sun,  it  follows  that  ihej  must  become 
more  and  more  crowded  together  as  they  approach  thereto. 
The  conjecture  at  once  suggests  itself  that  the  zodiacal  light, 
the  nebulous  light  of  vast  dimensions  which  Surrounds  the 
sun,  owes  its  origin  to  such  closely-packed  asteroids.  How- 
ever it  may  be,  this  much  is  certain,  that  this  phenomenon  is 
caused  by  matter  which  moves  according  to  the  same  laws  as 
the  planets  round  the  sun,  and  it  consequently  follows  that 
the  whole  mass  which  originates  the  zodiacal  light  is  contin« 
ually  approaching  the  sun  and  falling  into  it. 

This  light  does  not  surround  the  sun  uniformly  on  all 
sides ;  that  is  to  say,  it  has  not  the  form  of  a  sphere,  but  that 
of  a  thin  convex  lens,  the  greater  diameter  of  which  is  in  the 
plane  of  the  solar  equator,  and  accordingly  it  has  to  an  ob- 
server on  our  globe  a  pyramidal  form.  Such  lenticular  dis- 
tribution of  the  masses  in  the  universe  is  repeated  in  a  re- 
markable manner  in  the  disposition  of  the  planets  and  the 
fixed  stars. 

From  the  great  number  of  cometary  masses  and  asteroids 
and  the  zodiacal  light  on  the  one  hand,  and  the  existence  of  a 
resisting  aether  on  the  other,  it  necessarily  follows  that  pon- 
derable matter  must  continually  be  arriving  on  the  solar  sur- 
face. The  effect  produced  by  these  masses  evidently  depends 
on  their  final  velocity ;  and,  in  order  to  determine  the  latter,  we 
shall  discuss  some  of  the  elements  of  the  theory  of  gravitation. 

The  final  velocity  of  a  weight  attracted  by  and  moving 
towards  a  celestial  body  will  become  greater  as  the  height 
through  which  the  weight  falls  increases.  This  velocity,  how- 
ever, if  it  be  only  produced  by  the  fall,  cannot  exceed  a  cer- 
tain magnitude ;  it  has  a  maximum,  the  value  of  which  de- 
pends on  the  volume  and  mass  of  the  attracting  celestial  body 
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Let  r  be  the  radius  of  a  spherical  and  solid  celestial  body^ 
and  g  the  velocity  at  the  end  of  the  first  second  of  a  weight 
falling  on  the  surface  of  this  body ;  then  the  greatest  velocity 
which  this  weight  can  obtain  by  its  fall  towards  the  celestial 
body,  or  the  velocity  with  which  it  will  arrive  at  its  surface 
after  a  fall  from  an  infinite  height,  is  j^^^  in  one  second. 
This  number,  wherein  g  and  r  are  expressed  in  metres,  we 
shall  call  G. 

For  our  globe  the  value  of  g  is  9*8164  .  .  and  that  of  f 
6,369,800 ;  and  consequently  on  our  earth 

G  =  4/(2x9-8164x6,369,800)  =  11,183. 

The  solar  radius  is  112'05  times  that  of  the  earth,  and  the 
velocity  produced  by  gravity  on  the  sun's  surface  is  28*36 
times  greater  than  the  same  velocity  on  the  surface  of  our 
globe ;  the  greatest  velocity  therefore  which  a  body  could  ob- 
tain in  consequence  of  the  solar  attraction,  or 


G  =  4/(28*36  X  112*05)  X  11,183  =  630,400 ; 

that  is,  this  maximum  velocity  is  equal  to  630,400  metres,  or 
85  geograpliical  miles  in  one  second. 

By  the  help  of  this  constant  number,  which  may  be  called 
the  characteristic  of  the  solar  system,  the  velocity  of  a  body 
in  central  motion  may  easily  be  determined  at  any  point  of  its 
orbit.  Let  a  be  the  mean  distance  of  the  planetary  body  from 
the  centre  of  gravity  of  the  sun,  or  the  greater  semidiameter 
of  itfl  orbit  (the  radius  of  the  sun  being  taken  as  unity)  ;  and 
let  h  be  the  distance  of  the  same  body  at  any  point  of  its  orbit 
from  the  centre  of  gravity  of  the  sun ;  then  the  velocity, 
expressed  in  metres,  of  the  planet  at  the  distance  h  is 


GX 


4/ 


2a-h 


2aXh' 

At  the  moment  the  planet  comes  in  contact  with  the  solar  suT' 
bee,  h  is  equal  to  1,  and  its  velocity  is  therefore 

^XY-2r' 
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the  level  of  tlie  sea,  and  it  is  accordingly  and  ncceesarily  sr 
conipanied  by  a  coireaponding  diminution  of  temperatiire. 

This  well-known  fact  of  the  lower  mean  temperature  of 
plat^ea  of  greater  altitude  has  led  to -the  atrangeat  hjpotheees. 
The  sun'fl  rays  were  not  supposed  to  eonUiin  all  the  conditions 
for  warming  a  body,  but  to  act  in  motion  the  "substance' 
of  heat  contained  in  the  earth.  Thia  "aubatance"  of  beat, 
cold  when  at  rest,  was  attract*.'d  by  the  earth,  and  was  there- 
fore found  in  greater  abundance  near  tlie  centre  of  the  globe. 
This  view,  it  was  thought,  explained  why  the  warming  power 
of  the  sun  was  ao  much  weaker  at  the  top  of  a  mountain  thaa 
at  the  bottom,  and  why,  in  spite  of  bis  immenae  radiation,  he 
retained  hia  full  powera. 

This  belief,  which  especially  prevails  amongst  imperfectly 
informed  people,  and  which  will  scarcely  anccunib  to  correct 
views,  is  directly  contradicted  by  the  excellent  expcrinacDts 
made  by  Pouillet  at  different  altitodea  with  the  pyrheliometor. 
Theae  experiments  show  that,  eTerything  else  being  equal, 
the  generation  of  heat  by  the  aolar  rays  is  more  powerful  in 
higher  altitudes  than  near  the  aurface  of  onr  globe,  and  that 
consequently  a  portioii  of  theae  raya  is  absorbed  on  their  pas- 
sage through  the  atmosphere.  Why,  in  spite  of  this  partial 
absorption,  the  mean  temperature  of  low  altitudes  ia  never- 
theless higher  than  it  ia  in  more  elevated  positions,  is  ex- 
plained by  the  fact  that  the  atmosphere  stops  to  a  far  greater 
degree  the  calorific  raya  emanating  from  the  earth  thaa  il 
does  those  from  the  sun. 


v.— CONSTASOT   OF    THE    SON'S    MASS. 

Newton,  as  is  well  known,  considered  light  to  be  the 
emission  of  luminous  parliules  &om  the  snn.     In  the  contio* 
of  light  this  great  philoaopher  saw  u  cause  UsaA- 
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to  diminisli  the  eolar  mass ;  and  be  aeatuned,  i 
make  good  this  loss,  comets  and  other  coemical  masses  to  be 
continually  faUing  into  the  central  hody. 

If  we  express  this  view  of  Newton's  in  the  language  of 
tmdulatory  theory,  which  is  now  uniTcreally  accepted,  we 
[n  tiie  -results  developed  in  the  preceding  pages.  It  is 
that  our  theory  does  not  accept  a  pccuh'ar  "  substance* 
or  of  heat ;  nevertheless,  according  to  it,  the  radia- 
of  light  and  heat  consists  also  in  purely  material  prc^ 
8,  in  a  sort  of  motion,  in  the  vibrations  of  ponderable 
^ing  sabstances.  Quiescence  is  darkness  and  death ;  mo- 
is  light  and  lil'c. 

An  undulating  motion  proceeding  from  a  point  or  a  plane 
and  excited  in  on  nnlimited  medium,  cannot  be  imagined  apart 
from  another  simnltaneona  motion,  a  translation  of  the  parti- 
cles-tbomselves  ;*  it  therefore  follows,  not  only  from  the  emis* 
eion,  but  also  from  the  nndnlatory  theory,  that  radiation  con- 
tinually  diminishes  the  mass  of  the  sun.  Why,  nevertheless, 
does  not  really  diminish  has  already  been 
tated. 

.  The  radiation  of  the  snn  ia  a  centrifngal  action  equivalent 
tntripetal  motion. 
The  caloric  efiect  of  the  centrifugal  action  of  die  snn  can 
be  found  by  direct  observation ;  it  amounts,  according  to 
Chapter  IH.,  in  one  minute  to  12,650  millions  of  cubic  miles 
of  beat,  or  5-17  quadrillions  of  units  of  heat.  In  Chapter 
IV".  it  has  been  shown  that  one  kilogramme  of  the  mass  of  an 


asteroid  originates  from  27' 
the  quantity  of  coemi^al  massei 
minute  into  the  sun  amotmts  t< 
lions  of  kilogrammes. 

To  obtain  this  remarkable  ri 


lillioas  of  units  of  heat ; 
,  therefore,  which  falls  every 
from  94,000  to  188,000  bit- 


"  This  t. 


itriliiga)  motioii  is  prrbBps  liie  cause  of  (be  repulsion  of  ths 
!tB  wlien  in  tlie  nrighlranihood  of  the  son,  u  obMrred  by 
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which  is  common  in  physical  inquiries.  Observation  of  the 
moon'a  motion  reveals  to  us  the  esternal  Ibrm  of  the  cartii. 
The  physicist  determines  with  the  torsion-balance  the  weight 
of  a  planet,  just  as  the  merchant  finds  the  weight  of  a  parcel 
of  goods,  whilst  the  pendulnm  has  become  a  magic  power  in 
the  handa  of  the  geologist,  enabling  him  to  discover  cavitieA 
in  the  bowels  of  the  earih.  Our  case  is  similar  to  these.  By 
observation  and  calculation  of  the  velocity  of  sound  t 
atmosphere,  we  obtain  tlio  ratio  of  the  specific  heat  of  a 
der  constant  pressure  and  under  constant  volume,  and  by  the 
help  of  this  number  we  determine  the  quantity  of  heat  gene- 
rated by  mechanical  work.  The  heat  which  arrives  from  the 
aun  in  a  given  time  on  a  small  surface  of  our  globe  serrea  a 
A  basis  for  the  calculation  of  the  whole  radiating  effect  of  the 
Bun ;  and  the  result  of  a  series  of  ohserralJona  and  well- 
founded  conclusions  is  the  quantitative  determination  of  those 
cosmical  masses  which  the  snn  receives  from  the  space 
tlirough  which  he  sends  forth  hia  rays. 

Measured  hy  terrestrial  standards,  the  ascertained  number 
of  so  many  billions  of  kilogrammes  per  minuffl  appears  i 
credible.  This  quantity,  however,  may  be  brought  nearer  to 
our  comprehension  by  comparison  with  other  cosmical  mag- 
nitudes.  The  nearest  celestial  body  to  us  (the  moon)  has  a 
mass  of  about  90,000  trillions  of  kilogrammes,  and  it  would 
therefore  cover  the  expenditure  of  the  sun  for  from  one  to 
two  years.  The  mass  of  the  earth  would  afford  nourishment 
to  the  sun  for  a  period  of  from  60  (o  120  years. 

To  facilitate  the  appreciation  of  the  masses  and  the  dis< 
tanees  occurring  in  the  planetary  syBtem,  Herschel  draws  the 
following  picture.  Let  the  sun  he  represented  by  a  globe  1 
metrs  in  diameter.  The  nearest  planet  (Mercury)  will  ha 
about  as  large  as  a  peppcr-com,  3}  millimetres  in  thiRkneSB, 
at  a  diatance  of  40  metres.  78  and  107  metres  distant  from 
the  sun  will  move  Venus  and  tiic  Earlh,  each  9  mlllimetrea  in 
diameter,  or  a  liltle  larger  thim  a  pea.     Not  much  ni 
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b  quarter  of  a  metre  from  the  Sarth  will  be  iho  Moon,  th^ 
size  of  a  mustard  eeeil,  2^  millimetres  iu  diameter.  Miirs, 
at  a  distance  of  160  metres,  Trill  have  about  half  the  diame- 
ter of  the  Earth ;  and  the  Bmaller  planets  (Yeeta,  Hebe,  As 
trea,  Juno,  Pallas,  Ceres,  &c.),  at  a  distance  of  trom  260  to 
800  metreB  from  Ibo  sun,  will  resemble  particles  of  sand. 
Jupiter  and  Saturn,  5G0  and  1000  metres  distant  from  the  cen- 
tre, will  be  represented  by  oranges,  10  anil  9  centimetres  ia 
diameter.  UranuB,  of  the  size  of  a  uut  4  centimetres  across, 
will  be  2000  metres ;  and  Neptune,  as  large  as  as  apple  0 
centimetres  in  diameter,  will  be  nearly  twice  as  distani,  or 
about  half  a  geographical  mile  away  from  the  sun.  From 
Neptune  to  the  nearest  fixed  star  will  be  more  than  2000  geo- 
graphical miles. 

To  complete  this  picture,  it  is  necessary  to  iroagiue  finely' 
divided  matter  grouped  in  a  diyersified  manner,  moving  slowly 
and  gradually  towards  the  large  central  globe,  and  on  its  ar- 
rival attaching  itself  thereto ;  this  matter,  when  favourably 
illuminated  by  the  sun,  represents  itself  to  us  as  the  zodiacal 
light.  This  nebulous  substance  forms  also  an  important  part 
of  a  creation  in  which  nothing  is  by  chance,  but  wherein  all 
ia  arranged  with  Divine  foresight  and  wisdom.  . 

The  surface  of  (he  sun  measures  115,000  millions  of 
square  milea,  or  G^  trillions  of  square  metres  ;  the  mass  of 
matter  wliich  in  the  shape  of  asteroids  falls  into  the  sun  every 
minute  is  from  94,000  to  188,000  billions  of  kilogrammes ; 
one  sqnare  metre  of  solar  surface,  therefore,  receives  on  an 
artrage  fiwm  15  to  30  grammes  of  matter  per  minute. 

To  cotoporo  this  process  with  a  terrestrial  phenomenon,  a 
gentle  rain  may  bo  considered  which  sends  down  in  one  hour 
a  layer  of  water  1  millimetre  in  thickness  (during  a  thunder- 
storm the  rainfall  is  ofleil  from  ten  to  fifteen  times  this  quan- 
tity) ;  this  amounts  on  a  square  metre  to  17  grammes  per 
minute. 


278  0ELE8TIAL  DYNAHIOS. 

Pilatus  into  the  plain  below.  This  wooden  channel  which 
was  built  about  thirty  years  ago  by  the  engineer  Bnpp,  was 
9  English  miles  in  length ;  the  largest  trees  were  shot  down 
it  from  the  top  to  the  bottom  of  the  mountain  in  about  two 
minutes  and  a  half.  The  momentum  possessed  by  the  trees 
on  their  escaping  at  their  journey's  end  from  the  channel  was 
Sufficiently  great  to  bury  their  thicker  ends  in  the  ground  to 
the  depth  of  from  6  to  8  metres.  To  prevent  the  wood  get^ 
ting  too  hot  and  taking  fire,  water  was  Conducted  in  man; 
places  into  the  channel. 

This  stupendous  mechanical  process,  when  compared  with 
cosmical  processes  on  the  sun,  appears  infinitely  smaUL  In 
the  latter  case  it  is  the  mass  of  the  sun  which  attracts,  and 
in  lieu  of  the  height  of  Mount  FUatus  we  have  distances  of  a 
hundred  thousand  and  more  miles ;  the  amount  of  heat  gene- 
rated by  cosmical  falls  is  therefore  at  least  9  million  times 
greater  than  in  our  terrestrial  example. 

Kays  of  heat  on  passing  through  glass  and  other  transpa- 
rent bodied  undergo  partial  absorption,  which  differs  in  de- 
gree, however,  according  to  the  temperature  of  the  source 
from  which  the  heat  is  derived.  Heat  radiated  from  sources 
less  warm  than  boiling  water  is  almost  completely  stopped  by 
thin  plates  of  glass.  As  the  temperature  of  a  source  of  heat 
increases,  its  rays  pass  more  copiously  through  diathermic 
bodies.  A  plate  of  glass,  for  example,  weakens  the  rays  of. 
a  red-hot  substance,  even  when  the  latter  is  placed  very  close 
to  it,  much  more  than  it  does  those  emanating  at  a  much 
greater  distance  from  a  white-hot  body.  K  the  quality  of 
the  sun's  rays  be  examined  in  'this  respect,  their  diathermic 
energy  is  found  to  be  far  superior  to  that  of  all  artificial 
sources  of  heat.  The  temperature  of  the  focus  of  a  concave 
metallic  reflector  in  which  the  sun's  light  has  been  collected 
is  only  diminished  from  one-seventh  to  one-eighth  by  the  in- 
terposition of  a  screen  of  glass.     If  the  same  experiment  bo 
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made  with  an  artificial  and  luminous  source  of  heat,*  it  is 
found  that,  though  the  focus  be  very  hot  when  the  screen  is 
away,  the  interposition  of  the  latter  cuts  off  nearly  all  the 
heat ;  moreover,  the  focus  will  not  recover  its  former  temper- 
ature when  reflector  and  screen  are  placed  sufficiently  near  to 
the  source  of  heat  to  make  the  focus  appear  brighter  than  it 
did  in  the  former  position  without  the  glass  screen. 

The  empirical  law,  that  the  diathermic  energy  of  heat  in* 
creases  with  the  temperature  of  the  source  from  which  the 
heat  is  radiated,  teaches  us  that  the  sun's  surface  must  be 
much  hotter  than  the  most  powerfrd  process  of  combustion 
could  render  it. 

Other  methods  fiimish  the  same  conclusion,  K  we  ima- 
gine the  sun  to  be  surrounded  by  a  hollow  sphere,  it  is  clear 
that  the  inner  surface  of  this  sphere  must  receive  aU  the  heat 
radiated  from  the  sun.  At  the  distance  of  our  globe  from  the 
sun,  such  a  sphere  would  have  a  radius  215  times  as  great, 
and  an  area  46,000  times  as  large  as  the  sun  himself;  those 
luminous  and  calorific  rays,  therefore,  which  meet  this  spheri- 
cal surface  at  right  angles  retain  only  ij-oooth  part  of  their 
original  intensity.  If  it  be  further  considered  that  our  at- 
mosphere absorbs  a  part  of  the  solar  rays,  it  is  clear  that  the 
rays  which  reach  the  tropics  of  our  earth  at  noonday  can 
only  possess  from  jo/iooth  to  joToooth  of  the  power  with  which 
they  started.  These  rays,  when  gathered  from  a  surface  of 
from  5  40  6  square  metres,  and  concentrated  in  an  area  of 
one  square  centimetre,  would  produce  about  the  temperature 
which  exists  on  the  sun,  a  temperature  more  than  sufficient 
to  vaporize  platinum,  rhodium,  and  similar  metals. 

The  radiation  calculated  in  Chapter  HE.  likewise  proves 
Hie  enormous  temperature  of  the  solar  surface.  From  the 
determination  mentioned  therein,  it  follows  that  each  square 
centimetre  of  the  sun's  surface  loses  by  radiation  about  80 
imits  of  heat  per  minute — an  immense  quantity  in  compare 
•on  with  terrestrial  radiations. 
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Tlie  continual  bombardment  of  the  aun  by  theao  cosmicul 
msasGa  ongbt  to  increase  its  yoltune  ae  well  as  its  mas 
centripetal  action  only  existed.  The  iucreaee  of  volume, 
could  scarcely  be  appreciated  by  man ;  for  if  the  specific  grav- 
ity of  these  cosmical  masses  be  assmned  to  be  the  same  as 
that  of  the  sua,  the  enlargement  of  his  apparent  diameter  to 
the  extent  of  one  second,  tlie  smallest  appreciable  m^initTide, 
woidd  require  from  33,000  to  S6,000  years. 

Not  quite  so  inappreciable  would  be  the  increase  of  the 
loasa  of  tlie  sun.  K  this  mass,  or  the  weight  of  the 
were  augmented,  an  acceleration  of  the  motion  of  the  planeta 
in  their  orbits  would  be  the  consequence,  whereby  their  times 
of  revolution  round  the  central  body  would  be  shortened. 
The  mass  of  the  sun  is  2-1  qiiintillions  of  kilogrammes ;  and 
the  RUS8  of  the  cosmical  matter  annually  arriving  at  the  sun 
stands  to  the  above  as  1  to  from  21  —  42  millions.  Such  ao 
augmentation  of  the  weight  of  the  sun  ought  to  ahort«a  the 
sidereal  year  from  «,oiw,™th  to  m/™;™*^  of  ita  length,  or  1 
^ths  to  fths  of  a  second.    . 

The  observations  of  astronomers  do  not  agree  with,  this 
conclusion ;  we  must  therefore  fall  back  on  the  theory  men- 
tioned at  the  beginning  of  thib  chapter,  which  assumes  that 
the  sun,  like  the  ocean,  is  cooataatly  losing  and  rec^ving 
equal  qiiantities  of  matter.  This  harmonizes  with  tlie  suppo- 
sition that  the  vis  viva  of  the  nniverso  is  a  constant  qoaittity. 


YI.— THE   SPOTB    ON   THE    SUN'f 


The  solar  disc  presents,  according  to  Sir  John  HerecEMl) 
the  following  appearance.  "  When  the  sun  is  obsen«4 
through  a  powerful  telescope  provided.with  coloured  gh 
ia  order  to  lessen  the  heat  and  brightness  which  would  ba 
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il  to  the  eyes,  large  dark  spots  are  often  seen  sarronD<l^d 
by  edges  which  are  not  qaite  bo  dark  as  the  epols 
and  which  are  called  peniimbrK.  These  epols,  lio 
neither  permanent  nor  unchangeable .  When  observed  from 
day  to  day,  or  even  from  hour  to  hour,  their  form  xB  seen  to 
change ;  they  expand  or  contract,  and  Snally  disappear ;  on 
other  parts  of  the  aolar  enrfaco  new  spots  spring  into  exist- 
euee  where  uone  could  be  discovered  before.  Wlien  they  dis- 
appear, the  darker  part  in  the  middle  of  the  spot  contracts  lo 
a  point  and  vanishes  sooner  than  the  edge.  Sometimes  they 
break  up  into  two  or  more  parts  that  show  all  the  signs  of 
mobility  characteristic  of  a  liquid,  and  the  extraordinary 
commotion  which  it  seems  only  possible  for  gaseous  mailer  to 
possess.  The  magnitude  of  their  motion  is  very  great.  An 
arc  of  1  second,  as  seen  &om  our  globe,  corresponds  to  46a 
English  miles  on  the  sun's  disc ;  a  circle  of  this  diameter, 
which  measures  nearly  220,000  English  square  miles,  is  the 
smallest  area  that  can  be  seen  on  the  solar  surface.  Spots, 
however,  more  than  45,000  English  miles  in  diameter,  and, 
if  we  may  trust  some  statements,  of  even  greater  dimensions, 
have  been  observed.  For  such  a  spot  to  disappear  in  the 
coarse  of  six  weeks  (and  they  rarely  last  longer),  the  edges, 
whilst  approaching  each  other,  must  move  through  a  space  of 
more  than  1000  miles  per  diem. 

"  That  portion  of  the  solar  disc  which  is  free  from  spola 
is  by  no  means  oniformly  bri^t.  Over  it  are  scattered  small 
dark  spots  or  pores,  which  are  found  by  careful  observation 
to  he  in  a  state  of  continual  change.  The  slow  sinking  of 
some  chemical  precipitates  in  a  transparent  liquid,  when 
viewed  from  the  upper  surface  and  in  a  directioif  perjiendicu- 
;  lar  thereto,  resembles  more  accurately  than  any  olher  pho- 
aomenon  the  changes  which  the  pores  undergo.  The  similar- 
ity is  so  striking,  in  fact,  tliat  one  can  scarcely  resist  [he  i(Ji;a 
that  the  appearances  above  described  are  owing  to  a  luminous 
medium  moi-ing  about  in  a  non-lominouB  atmosphere,  eitbef 
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lite  the  clouilfl  in  our  air,  or  in  wide-apread  placee  and  flamoi 
like  colnmoB,  or  in  raya  like  the  aarora  boreali 

"  Near  largo  spota,  or  estenaive  groups 
apaeea  are  obaerred  to  be  covered  with  peculiarly  marked 
lines  muck  brighter  than  the  other  parts  of  the  surface  ;  theBa 
lines  are  curved,  or  deviate  in  branches,  and  ore  called 
Spots  are  often  aeeu  between  these  linca,  or  to  originate  l:her(i« 
These  are  in  all  probability  the  crests  of  ii 
the  luminoua  regions  of  the  aolar  atmosphere,  and  bear  wil^ 
neas  to  violent  action  in  their  immediate  neighbourhood." 

The  changes  on  the  solar  surface  evidently  point  to  fl», 
action  of  some  external  diaturbing  force  ;  for  every  moring, 
power  resident  in  the  sua  itself  ought  to  exhaust  itself  by  its 
own  action.  These  changea,  therefore,  are  no  unimportant 
conflrmalion  of  the  theory  esplained  in  these  pagi 

At  ttie  aame  time  it  must  be  observed  that  our  knowledge, 
of  physical  heliograpliy  is,  from  the  nature  of  the  anbjec^, 
very  limited  ;  even  the  meteorological  processea  and  other  phe-^ 
noraena  of  our  own  planet  are  atill  in  many  reapectB  eni 
ical.  For  this  reason  no  special  information  could  be 
about  the  manner  in  which  the  solar  eurface  is  afibctod  by 
coflmical  masses.  However,  I  may  be  allowed  to  mention 
some  probable  conjeeturea  which  oiler  themselves. 

The  extraordinarily  high  temperature  which  exists 
Bun  almost  precludes  the  possibility  of  its  sm-face  being  solid 
it  doubtless  conaiats  of  an  uninterrupted  ocean  of  fiery  flai< 
matter.  This  gaseous  envelope  becomes  more  rarefied  ill 
those  parts  most  distant  from  the  sun's  centre. 

As  most  subatancea  arc  able  to  assume  th 
of  aggregation  at  high  temperatures,  the  height  of  the 
atmosphere  cannot  be  inconsiderable.  There  are,  howc 
sound  reasons  for  believing  that  the  relative  height  of  the 
lar  atmosphere 'is  not  very  great. 

Since  the  gravity  is  28  times  greater  on 
chai  it  is  on  our  earth,  a  column  of  air  on  the  fonn^ 
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ing  to  diminisli  the  solar  mass ;  and  he  assumed,  m  order  to 
make  good  this  loss,  comets  and  other  cosmical  masses  to  be 
continuallj  falling  into  the  central  body. 

K  we  express  this  view  of  Newton's  in  the  language  of 
the  undulatory  theory,  which  is  now  universally  accepted,  we 
obtain  the -results  developed  in  the  preceding  pages.  It  is 
true  that  our  theory  does  not  accept  a  peculiar  "  substance  ** 
of  light  or  of  heat ;  nevertheless,  according  to  it,  the  radia- 
tion of  light  and  heat  consists  also  in  purely  material  pro- 
cesses, in  a  sort  of  motion,  in  the  vibrations  of  ponderable 
resisting  substances.  Quiescence  is  darkness  and  death ;  mo- 
tion is  light  and  life. 

An  undulating  motion  proceeding  from  a  point  or  a  plane 
and  excited  in  an  unlimited  medium,  cannot  be  imagined  apart 
from  another  simultaneous  motion,,  a  translation  of  the  parti- 
cles-themselves  ;*  it  therefore  follows,  not  only  from  the  emis- 
sion, but  also  from  the  undulatory  theory,  that  radiation  con- 
tinually diminishes  the  mass  of  the  sun.  Why,  nevertheless, 
the  mass  of  the  sun  does  not  really  diminish  has  already  been 
stated. 

The  radiation  of  the  sun  is  a  centrifugal  action  equivalent 
to  a  centripetal  motion. 

The  caloric  effect  of  the  centriftigal  action  of  the  sun  can 
be  found  by  direct  observation;  it  amounts,  according  to 
Chapter  m.,  in  one  minute  to  12,650  millions  of  cubic  miles 
of  heat,  or  5*17  quadrillions  of  units  of  heat.  In  Chapter 
IV.  it  has  been  shown  that  one  kilogramme  of  the  mass  of  an 
asteroid  originates  from  27*5  to  55  millions  of  units  of  heat ; 
the  quantity  of  cosmical  masses,  therefore,  which  falls  every 
minute  into  the  sun  amounts  to  from  94,000  to  188,000  bil- 
lions of  kilogrammes. 

To  obtain  this  remarkable  result,  we  made  use  of  a  method 

*  This  centrifugal  motion  is  perhaps  the  cause  of  the  repulsion  of  the 
tails  on  comets  when  in  the  neighbourhood  of  the  sun,  as  obserred  by 
Beseel. 
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sun's  Borface,  in  apito  of  the  great  heat,  auch  Bubatanees  ■ 
water  may  possibly  esiat  in  the  hquid  atate  under  a.  preaauF 
thousands  of  times  greater  than  that  of  our  atmosphere. 

Since  gases,  when  free  from  any  solid  particles,  emit,  e" 
at  very  high  lemperaturea,  a  pale  transparent  light — the 
called  lumen  pkUoaopkieum — it  is  probable  that  the  inteua 
white  light  of  the  aun  has  its  origin  in  the  denser  parts  of  hi 
BUrface.     If  auch  he  assumed  to  bo  the  case,  th( 
and  fauulie  seem  to  be  the  disturbonceB  of  the  fiery  liqni 
ocean,  caused  by  most  powerful  meteoric  processes,  for  whici 
all  DeceaHary  materials  are  present,  and  partly  to  be  c 
by  the  direct  influence  of  streams  of  asteroids.     The  deepe 
and  less  heated  parta  of  this  fiery  ocean  become  thus  expose 
and  perhaps  appear  to  us  as  spots,  whereas  the  elevation 
form  the  ao-called  faculffl. 

According  to  the  experiments  made  by  Henry,  an  Amer{ 
can  phyaicist,  the  rays  sent  forth  fi«m  the  apote  do  not  j 
duce  the  same  heating  effect  as  those  emitted  by  the  brightal 
parts. 

We  have  to  mention  one  more  remarkable  c 
The  spots  appear  to  be. confined  to  a  zone  which  extends  30' 
on  each  aide  of  the  sun's  equator.  The  thought  naturallj 
Buggeats  itself  that  aome  connexion  exists  between  those  eoldl 
procesaea  which  produce  the  spots  and  faculiB,  the  veloci^  d 
rotation  of  the  snn,  and  the  swarms  of  aateroids,  and  to  A 
duce  therefrom  the  limitation  of  the  spots  to  the  zone  me 
tioned.  It  still  remains  enigmatical  by  what  means  natB 
contrives  to  bring  aboot  the  uniform  radiation  which  pertaiU 
aliko  to  the  polar  and  equatorial  regions  of  the  son. 
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[  almost  eveiy  cose  the  forces  and  niotioos  on  tlio  but 
feee  of  tbe  earth  may  be  traced  back  to  the  raya  of  the  sua. 
Some  processes,  howeper,  form  a  remarkable  exception. 

One  of  these  is  the  tides.  BeautiM,  and  in  some  re- 
spects ^shanfitive  researches  on  this  phenomenon  have  been 
mode  by  Newton,  Laplace,  and  others.  The  tides  are  caused 
by  the  attraction  exercised  by  the  sun  and  the  moon  on  tbe 
moveable  parts  of  the  earth's  surface,  and  by  the  asial  rotar 
tion  of  OOF  globe. 

The  alternate  rising  and  falling  of  the  level  of  the  sea 
may  bo  compared  to  the  ascent  and  descent  of  a  pendulum 
oacillating  under  the  influence  of  the  earth's  attraction. 

The  continual  resistance,  however  weak  it  may  be,  which 
an  instrument  of  this  nature  (a  physical  pendulum)  suffers, 
constantly  shortens  tbe  ampUtude  of  tbe  osciUations  which  it 
performs ;  and  if  the  pendulum  be  required  to  continue  in 
oniform  motion,  it  must  receive  a  constant  supply  of  -vis  viva 
corresponding  to  the  resistance  it  has  to  overcome. 

Clocks  regulated  by  a  pendulum  oblaio  such  a  supply, 
eitlier  from  a  raised  weight  or  a  bent  spring.  Tbe  power 
consumed  in  raising  tbe  weight  or  in  bending  the  spring, 
which  power  is  represented  by  tbe  raised  weight  or  the  bent 
spring,  overcomes  for  a  time  the  resistance,  and  thus  secnres 
the  uniform  motion  of  the  pendulum,  and  dock.  In  doing  so, 
the  weight  sinks  down  or  the  ^ring  uncoils,  and  therefore 
fbrce  must  be  expended  in  winding  the  clock  np  again,  or  it 
would  atop  moving. 

Essentially  the  same  holds  good  for  the  tidal  wave.  The 
moving  waters  rub  against  each  other,  against  the  shore,  and 
Kgainsi  tbe  atmosphere,  and  thus,  meeting  constantly  with  re< 
ustAnce,  would  soon  come  to  rest  if  a  tfts  vina  did  not  esist 
competent  to  overcome  these  obstacles.     This  vit  viva  is  Iho 
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asia,  and  the  diimnation  and  final  I 
a  coosoqUQDCe  of  such  an  action. 

a  diminiUion  of  the  vdocity  of  tht  \ 


rotation  of  the  earth  on 
exhauBtion  thereof  will 

The  tidal  wave  cam 
rotation  of  the  earth. 

This  important  conclusion  can  be  proved  in  different  ways. 

The  attraction  of  the  sun  and  the  moou  disturbs  the  eqoi- 
ITbrium  of  the  moreable  parts  of  the  earth's  Burface,  so  as  (o 
move  the  waters  of  the  sea  towards  the  point  or  meridian 
above  and  below  which  the  moon  culminates.  If  the  nat^ra 
conld  move  without  resistance,  the  elevated  parts  of  the  tidtd 
wave  would  exactly  coincide  with  the  moon's  meridian. 
noder  Buch  conditions  no  conBumption  of  vis  viva  could 
place.  In  reality,  however,  the  moving  waters  experjent 
reBiBtance,  in  consequence  of  which  the  flow  of  the  tidi 
wave  is  delayed,  and  high  water  occurs  in  the  open 
the  average  about  2^  hours  after  the  transit  of  the  mooi 
through  the  meridian  of  the  place. 

The  waters  of  the  ocean  move  from  west  and  east  towi 
the  meridian  of  the  moon,  and  the  more  elevated  wave  is,  fa 
the  reason  above  stated,  always  to  the  east  of  the 
ridian ;  hence  the  sea  must  press  and  flow  more  powerfiilb 
fi-om  east  to  west  than  from  west  to  east.  The  ehb  and  flo' 
of  the  tidal  wave  therefore  consislB  not  only  in  an  altemat 
rising  and  falling  of  the  waters,  but  also  in  a  slow  progressive 
motion  from  east  to  west.  The  tidal  wave  produces  a  gen- 
eral western  current  in  the  ocean. 

This  cnrrent  is  opposite  in  direction  to  the  earth's  rota*" 
tion,  and  therefore  its  friction  against  and  collision  with  thtf.' 
bed  and  shores  of  the  ocean  must  offer  everywhere  rcEiBtanoa.j 
to  the  axial  rotation  of  the  earth,  and  diminish  the  ris  viva  ot' 
its  motion.  The  earth  here  plays  the  part  of  a  fly-wheel. 
The  moveable  parts  of  its  surface  adhere,  so  to  speak,  to 
relatively  fixed  moou,  and  are  dragged  in  a  dii'ection  oppomts: 
to  that  of  the  earth's  rolation,  in  consequence  of  which, 
tion  takes  place  between  the  solid  and  liquid  parte  of  this  Of*{ 
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I,  resiBlance  ia  overcome,  and  the  given  rotttlory  effort 
diminished. 

Water-milla  have  been  tnrned  by  the  action  of  the  tides ; 
the  eiieets  produced  by  such  aii  arrangement  are  distinguished 
in  a  remarkaliie  manner  from  thoae  of  a  mill  turned  by  a 
monnlaia-stream.  The  one  obtains  the  vis  viva  with  whicU 
it  works  from  the  earth's  rotation,  the  other  from  the  sun's 
radiation. 

Various  causes  combine  to  incessantly  maintain,  partly  in 
on  imduJatory,  partly  in  a  progressive  utotion,  the  waters  of 
the  ocean.  Besides  ihe  influence  of  the  sun  and  iho  moon  on 
the  rotating  earth,  mention  must  be  made  of  the  influence  of 
the  movement  of  tlie  lower  strata  of  the  atmosphere  on  the 
Bm-face  of  the  ocean,  and  of  the  different  temperatures  of  the 
sea  in  various  climates ;  the  coufiguratioQ  of  the  shores  and 
the  bed  of  the  ocean  likewise  exercise  a  manifold  influence  on 
the  velocity,  direction,  and  extent  of  the  oceanic  currents, 

The  motions  in  our  atmosphere,  as  weU  aa  ttiose  c^  the 
ocean,  presuppose  the  existence  and  consumption  of  vis  viva 
to  overcome  the  continual  resistances,  and  to  prevent  a  state 
of  rest  or  equilibrium.  Generally  speaking,  the  power  neeee- 
sary  for  the  production  of  aerial  cnrrents  may  be  of  threefold 
origin.  Ettlier  the  radiation  of  the  sun,  tbe  heat  derived 
from  a  store  in  the  interior  of  the  earth,  or,  lastly,  the  rota- 
tory effect  of  the  earth  may  be  the  source. 

As  far  aa  quantity  is  concerned  the  aun  is  by  far  the  moat 
important  of  the  above.  According  to  PouHlet's  meaaure- 
ments,  a  square  metre  of  the  earth's  surface  receiycs  on  the 
average  4-408  units  of  heat  from  the  sun  per  minute.  Since 
one  unit  of  heat  is  equivalent  to  367  Km,  it  follows  that  one 
square  metre  of  the  surface  of  our  globe  receives  per  minute 
an  additioa  of  via  viva  equal  to  1620  Km,  or  the  whole  of  the 
earth's  surface  in  the  aame  time  825,000  billions  of  Em,  A 
power  of  75  Em  per  second  ia  caUed  a  horse-power,  Ac- 
eording  to  tliis,  the  eSect  of  the  solar  radiation  in  mechanical 
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work  on  one  square  metre  of  the  earth's  surface  would  ba 
equal  to  0-36,  and  Ihe  total  effect  for  the  whole  globe  180  bU- 
lions  of  boFBe-powers.  A  not  iacousiderahle  portion  of  this 
enormous  quantity  of  vii  viva  is  consumed  in  the  produclioa 
of  atmospheric  actiona,  in  consequence  of  which  numerous 
motioDB  are  set  up  in  the  earth's  atmosphere. 

In  spito  of  their  great  variety,  the  atmospheric  currecUi 
may  be  reduced  to  a  single  type.  In  consequence  of  the  a 
qual  heating  of  the  earth  in  different  degrees  of  latitude,  the 
colder  and  heavier  air  of  the  polar  regions  passes  in  an  under 
current  towards  the  equator  ;  whereas  the  heated  i 
tropics  ascends  to  the  higher  parts  of  the  atmosphere,  and 
flows  from  thence  towards  the  polos.  In  this  r 
of  each  hemisphere  performs  a  circuitous  motion. 

It  is  known  that  these  currents  are  essentially  modified  by 
the  motion  of  the  earth  on  its  axis.  The  polar  currents,  with 
their  smaller  rotatory  velocity,  receive  a  motion  from  cast  to 
west  contrary  to  the  earth's  rotation,  and  the  equatorial  c 
rents  one  Scam  west  to  east  in  advance  of  the  axial  rotation 
of  the  eartb.  The  former  of  these  currents,  the  oaaterlj 
winds,  must  diminish  the  rotatory  effect  of  the  globe,  the  lat- 
ter, the  westerly  winds,  must  increase  the  same  power.  The 
final  result  of  the  action  of  these  opposed  infiueneeB  is,  as  ri 
gards  the  rotation  of  the  earth,  according  to  well-known  mi 
cbanical  principles,  — '0 ;  for  these  currents  counteract  each, 
other,  and  therefore  cannot  exert  the  least  influence  o 
aTcial  rotation  of  the  earth.  This  important  conclusion  woa 
proved  by  Laplace. 

The  same  law  holds  good-  for  every  imaginable  actjon 
which  is  caused  either  by  the  radiant  beat  of  the  sun,  or  by 
the  heat  which  reaches  the  surface  from  tbe  earth's  interior, 
whether  the  action  be  in  the  air,  in  tbe  water,  or  on  the  laud. 
The  effect  of  ever/  single  motion  produced  by  these  means  on 
the  rotation  of  tho  globe,  is  exactly  compensated  by  the  effect 
nl  another  mo'.i<j:i  in  an  opposite  direction ;  so  Uiat  tbe  reso^ 
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it  of  all  these  motions  m,  as  far  as  the  axial  rotation  of  the 
globe  is  concerned,  =—  0. 

In  those  attions  taoim  as  tho  tides,  aucli  compensation, 
however,  does  not  tjike  place ;  for  the  pressure  or  pull  by 
which  they  are  produced  ia  always  fctronger  from  east  to  west 
than  from  west  to  east.  The  currents  caused  by  this  pull  , 
toay  ebb  and  flow  in  different  directions,  but  their  motion  pre^- 
dominates  in  that  which  is  opposed  to  the  earth's  rotation. 

The  velocity  of  the  currents  caused  by  the  tide  of  the  a1- 
■  mosphere  amounts,  according  to  Laplace's  calculation,  to  not 
more  than  75  miUimetros  in  a  eecond,  or  nearly  a  geographi- 
cal mile  in  twenty-four  hours !  it  ia  clear  that  much  more 
powerful  effects  produced  by  t)io  suu's  heat  would  hide  tlils 
action  from  ohservation.  The  influence  of  these  air-currents, 
however,  on  the  rotatory  effect  of  the  earth  is,  according  to 
the  laws  of  mcchanica,  exactly  the  same  as  it  would  be  were 
the  atmosphere  undisturhed  by  the  sun's  radiant  heat. 

The  combined  motiona  of  air  and  water  are  to  be  regarded 
from  the  same  point  of  view.  If  we  imagine  the  influence 
of  the  sun  and  that  of  tho  interior  of  our  globe  not  to  exist, 
the  motion  of  the  air  and  ocean  from  east  to  west  is  still  left 
as  an  obstacle  to  the  axial  rotation  of  the  earth. 

The  motion  of  the  waters  of  the  ocean  from  east  to  west 
■was  long  ago  verified  by  observation,  and  it  is  certain  tliat 
the  tides  are  the  most  effectual  of  the  causes  to  which  this 
great  westerly  current  is  to  be  referred. 

Besides  the  tidal  wave,  the  lower  air-currents  nanving  in 
the  same  direction,  the  trade-wiads  of  the  tropics  especially, 
may  be  assigned  as  causes  of  this  general  movement  of  the 
■waters.  The  westerly  direction  of  the  hitl«r,  however,  ia  not 
confined  to  the  region  of  easterly  winds  ;  it  is  met  with  in  the 
region  of  perpetual  calms,  where  it  possesses  a  velocity  of 
several  milefi  a  day  ;  it  is  observed  far  away  from  the  tropics 
both  north  and  south,  in  re^ons  where  westerly  win<ls  pro- 
15 
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vaS,  near  the  Cape  of  Good  Hope,  the  Straits  of 
llie  arctic  regions,  &c. 

A  third  cause  for  the  production  of  a  general 
tranBlation  of  the  waters  of  the  ocean  is  the  unequal  faeatii 
of  the  Bca  in  different  zones.     According  to  tlie  laws  of  hi 
drostaticH,  the  colder  water  of  the  higher  degrees  of  latitndn 
ia  compeUecl  to  flow  towarils  the  equator,  and  the  warm< 
water  of  the  tropics  towards  the  poles,  in  consequence  ( 
which,  similar  movements  are  produced  in  the  ocean  to  thoaa 
in  the  atmosphere.     This  is  the  canae  of  the  cold  under 
rent  &om  the  poles  to  the  oqnator,  and  of  the  warm  surface- 
cnrrent  from  the  equator  to  the  poles.     The  waters  of  the  lat« 
ter,  hy  virtue  of  the  greater  velocity  of  rotation  at  the  eqni 
tor,  assume  in  their  onward  progress  a  direction  trom  west  1 
east.     It  is  a  strikiag  proof  01*  the  preponderating  influence 
of  the  tidal  wave  that,  in  spite  of  this,  the  motion  of  the 
ocean  is  on  the  whole  in  an  opposite  direction. 

Theory  and  experience  thus  ogree  in  the  result  that  t] 
influence  of  the  moon  on  the  rotating  earth  causes  a  motii 
of  translation  from   east  to  west  in  both  atmosphere  and 
ocean.     This  motion  must  continually  diminish  the  rotatory 
effect  of  the  earth,  for  want  of  an  opposite  and  compensatii^ 
infiaence. 

The  continual  pressure  of  the  tidal  wave  against  the  axil 
rotation  of  the  earth  may  also  be  deduced  from  statical  laws.' 

The  gravitation  of  the  raooa  atfocls  without  excepticin 
parts  of  the  globe.  Let  the  earth  be  divided  by  the  plane  of 
the  meridian  in  which  the  moon  happens  to  be  into  two  hctnt* 
spheres,  one  to  the  east,  the  other  to  the  west  of  this  tuerii 
ian.  It  ia  clear  that  the  moon,  by  its  attraetion  of  the  eas 
•tn  hemisphere,  tends  to  retard  the  motion  of  the  earth,  an 
by  its  attraction  of  the  western  hemisphere,  to  accelerate  th 
Borne  rotation. 

Under  certain  conditions  both  these  tendencies  compensots 
■ach  other,  and  then  the  action  of  the  moon  oa  tJie  earth' 
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tation  bscontes  zero.  This  happena  v/hea  hoih  bemispherca 
are  arranged  in  a  certain  manner  syminetrieally,  or  when  no 
parts  of  the  earth  can  change  their  relative  pfteition ;  in  the 
latter  case  a  sort  of  symmetry  is  prodnced  by  the  rotation. 

The  form  of  the  earth  deviates  from  a  perfectly  symmet- 
rical sphere  on  acconnt  of  the  three  following  causes  : — (1) 
the  flattening  of  the  poles,  (2)  the  mountains  on  the  surface, 
and  (3)  the  tidal  wave.  The  first  two  causes  do  not  change 
the  veloeily  of  the  earth's  aiial  rotation.  In  order  to  com- 
prehend clearly  the  effect  of  the  tidal  wave,  we  shall  imagine 
the  earth  to  be  a  perfectly  symmetrical  sphere  miifbrmly  .aur- 
rounded  by  water.  The  attraction  of  the  sun  and  the  moon 
dislurbs  the  equilibrium  of  this  mass,  and  two  flat  mountains 
of  water  are  formed.  The  top  of  one  of  these  is  directed 
towards  the  moon,  and  the  summit  of  the  other  is  turned 
away  from  it.  A  straight  line  passing  through  the  tops  of 
these  two  mountains  is  called  the  major  axis  of  this  earth' 
spheroid. 

In  this  state  the  earth  may  be  imagined  to  he  divided 
into  three  parte — a  smaller  sphere,  and  two  spherical  seg 
menla  attached  to  the  opposite  sides  of  the  latter,  and  rcpre 
seating  the  elevations  of  the  tidal  wave.  The  attraction  of 
the  moon  on  the  small  central  sphere  does  not  change  the  ro 
tation,  and  we  have  therefore  only  to  consider  the  iuflnonce 
of  this  attraction  on  the  two  tidal  elevations.  The  upper  ele- 
vation or  mountain,  the  one  nearest  the  moon,  is  attracted 
towards  the  west  because  its  mass  is  principally  siluated  to  the 
east  of  the  moon,  and  the  opposite  mountain,  which  is  to  the 
west  of  the  moon,  is  attracted  towards  the  east.  The  upper 
tidal  elevation  is  not  only  more  powerfully  attracted  hecause 
it  is  nearer  to  the  moon,  hut  _  also  because  the  angle  under 
which  it  is  pulled  aside  is  more  favourable  for  lateral  deflec- 
tion than  in  the  case  of  the  opposite  protuberance.  The  pres- 
sure from  east  to  west  of  the  upper  elevation  preponderates 
Itarefore  over  the  pressure  from  west  to  east  of  the  opposito 
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mountain ;  according  to  calculation,  ihese  qiiaotitiea  stand  t« 
each  other  nearly  as  14  to  13.  From  llie  relative  poaition  of 
tlieae  two  tidal  protuberances  and  the  moon,  or  the  uncfaange* 
'  able  position  of  the  major  avis  of  the  earth-apheroid  towarda 
the  centre  of  gravity  of  the  moon,  a  preaaure  resolts,  ■which  i 
preponderates  from  east  to  west,  and  offers  an  obstacle  to  Uie 
earth's  rotation. 

If  gravitation  were  to  be  compared  with  magnetic  attrtuy 
tioD,  the  earth  might  be  considered  to  be  a  large  magnet,  one  ( 
pole  of  whicb,  being  more  powerfidly  attracted,  would  repr&-  i 
sent  the  upper,  and  the  other  pole  the  lower  tidal  elevation. 
Aa  the  upper  tidal  wave  tends  to  move  towards  the  moon,  Iha 
earth  would  act  like  a  galvanometer,  whose  needle  has  been    ' 
deflected  from  the  magnetic  meridian,  and  which,  while  tend- 
ing to  return  thereto,  exerts  a  constant  lateral  pressure. 

The  foregoing  diacusaion  may  anffice  to  demonstrate  the    i 
influence  of  the  moon  on  the  earth's  rotation.     The  retarding   ; 
pressure  of  the  tidal  wave  may  quantitatively  be  determined 
in  the  same  manner  as  that  employed  in  computing  the  pre- 
ceasioa  of  tlie  equinoxes  and  the  nutation  of  the  earth's  axis. 
The  varied  distribution  of  laud  and  water,  the  unequal  and 
unknown  depth  of  the  ocean,  and  the  as  yet  imperfectly  ascer- 
tained mean  diiTerence  between  the  time  of  the  moon's  cnl*  i 
mination  and  that  of  high  water  in  the  open  sea,  enter,  how- 
ever, as  dements  into  auch  a  calculation,  and  render  the  d^ 
sired  result  an  uncertain  quantity. 

In  the  mean  time  this  retarding  pressure,  if  ima^ned  I 
Act  at  t^e  equator,  cannot  be  assumed  to  be  less  than  1000  ^ 
millions  of  kilogrammes.     In  order  to  start  with  a  definita   ' 
conception,  we  may  be  allowed  to  use  this  round  number  as  ft   ] 
basis  for  the  following  calculations. 

The  rotatory  velocity  of  the  earth  at  the  equator  is  464  1 
metres,  and  the  consumption  of  mechanical  work,  therefore,  i 
for  the  maintenance  of  the  tides  464,000  millions  of  Km,  Ot  I 
600C  millions  of  horse-powers  per  second.     The  effect  of  IJ 


tides  may  consequently  bo  eBt'imated  at  iij;^th  of  tlie  effect  re- 
ceived by  the  earth  from  the  sun. 

The  rotatory  effect  wliicli  tte  earth  at  present  possesses, 
may  be  calculated  from  its  mass,  volarac,  aad  velocity  of  rota- 
tion. The  volume  of  the  narth  is  2,650,686,000  cubic  miles, 
and  its  specific  gravity,  according  to  Reich,  ^  5-44.  li',  for 
the  Bake  of  simplicity,  we  assume  the  density  of  the  earth  to 
be  nniform.  throughout  ke  mass,  we  obtain  from  the  above 
premises,  and  the  known  velocity  of  rotation,  25,840  quadril- 
lions of  kilogramraetrcs  a8  the  rotatory  effect  of  the  earth. 
If,  during  every  Recond  in  2500  years,  464,000  millions  of 
Km  of  thia  effect  were  consumed  by  the  ebb  and  flow  of  Ihe 
tidal  wave,  it  would  suffer  a  diminution  of  36,600  trillions  of 
Km,  or  about  ™>,ciooth  of  its  quantity. 

The  velocities  of  rotation  of  a  sphere  stand  to  each  other 
in  the  same  ratio  as  the  square  roots  of  the  rotatory  effects, 
■when  the  volume  of  the  sphere  remains  conalnnt.  From  this 
it  follows  that,  in  the  assumed  time  of  2500  years,  the  length 
of  a.  day  haa  increased  j;«o/mith ;  or  if  a  day  be  taken  equal 
to  86,400  seconds,  it  has  lengthened  i-jth  of  a  second,  if  the 
volume  of  the  earth  has  not  changed.  Whether  this  supposi- 
tion be  correct  or  not,  depends  on  tlie  temperature  of  our 
planet,  and  will  be  discussed  in  the  next  chapter. 

The  tides  also  react  on  the  motion  of  the  moon.  The 
stronger  attraction  of  the  elevation  nearest  to,  and  to  tlie  east 
of  the  moon,  increases  with  the  tangential  velocity  of  our  sat- 
ellite ;  the  mean  distance  of  the  earth  and  the  moon,  and  the 
time  of  revolution  of  the  latter,  are  consequently  augmented. 
The  effect  of  this  action,  however,  is  insignificant,  and,  ac- 
eordiog  to  calculation,  does  not  amount  to  more  than  a  frac- 
tion of  a  second  in  the  course  of  centuries. 
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Tin,— THE    EARTH'S    INTERIOR    BEAT. 

WirnoTjT  doubt  there  mas  once  a  time  ivhen  our  globa 
had  not  assumed  its  preeent  magnitude.  According  to  Ihis, 
by  £ud  of  this  simple  assumption,  die  origin  of  our  planet  may 
l»  reduced  to  the  union  of  once  separated  masses. 

To  the  mechanical  combinations  of  masses  of  tlie  second 
order,  with  masses  of  the  second  and  third  order,  &c.,  the 
same  laws  as  those  enunciated  for  the  sun  apply.  The  collis- 
ion of  such  masses  must  always  generate  an  amouut  of  heai 
proportional  to  the  squares  of  their  velocities,  or  to  their  m&- 
chanical  ellcct. 

Although  wo  are  not  in  a  position  lo  affirm  anything 
t^n  respecting  the  primordial  conditions  under  which  the 
oODStituent  parts  of  the  earth  existed,  it  ts  nevertheless  of  tbi 
greatest  interest  lo  estimate  the  quantities  of  heat  generated  by 
the  collision  and  combinatioii  of  those  parts  by  a  standard 
based  on  tlie  simplest  assumptions. 

Acconlingly  we  shall  consider  for  the  present  the  earth 
hSve  been  formed  by  the  union  of  two  parts,  which  obtained 
their  relative  motions  by  their  mutual  attraction  only.  Let 
the  whole  mass  of  the  present  earth,  exprcSBed  in  kilo- 
grammes, be  T,  and  the  masses  of  the  two  portions  T— x  and 
X.  The  ratio  of  these  two  quantities  may  be  imagined  to 
assume  Tarious  values.  The  two  extreme  cases  are,  when  x 
is  considered  infinitely  small  in  comparison  with  T,  and  when 
a  '=  T—x  =  ^  T.  These  form  the  limits  of  all  imaginable 
ratios  of  the  parts  T— a:  and  *,  and  will  now  be  more  i!k>8«ly 
examined. 

Terrestrial  heights  are  of  course  excluded  from  the  fat 
lowing  conaideration.  In  the  first  place,  let  a;,  in  comparison 
with  T— *,  be  infinitely  small.  The  final  velocity  with 
which  a  arrives  on  the  surface  of  the  large  mass,  alter  having 
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1  tfaroogh  a  great  spanc  in  a  atraiglit  line,  or  after  pre- 
viouB  central  motion  round  it,  is,  according  to  the  laws  devel- 
oped in  relation  to  the  ena  in  Chapter  IH.,  confiiied  within 
the  limits  of  7908  and  11,183  metres.  The  heat  generated 
by  this  process  may  amount  to  from  8685xa5to  17,370X11 
unite,  according  to  tlie  value  of  the  major  axis  of  the  orbit 
of  X.  This  beat,  however,  yanishes  by  its  diatribntion  through 
the  greater  mass,  because  a:  is,  according  to  supposition,  inli- 
nitely  small  in  comparison  with  T. 

The  quantity  of  heat  generated  increases  with  ir,  and 
amonnts  in  the  second  ease,  when  sc  ^  J  T,  to  from  6000  X  T 
to  8685  xT  units. 

If  we  assume  the  earth  to  posseaa  a  very  great  capacity 
for  heat,  equal  in  fact  to  that  of  its  volume  of  water,  wluch 
■when  calculated  I'or  equal  weights.^  0'184,  the  above  diacua- 
sion  leads  to  the  conclusion  that  the  difforanco  of  temperature 
of  the  constituent  parts,  and  of  the  earth  after  their  union,  or, 
in  other  words,  the  heat  generated  by  the  collision  of  these 
parts,  may  range,  according  to  their  relative  magnitude,  froni 
0'  to  S2,000  ',  or  even  to  47,000  '  1 

With  the  number  of  parts  which  thus  mechanically  com 
bine,  the  quantity  oi'  heat  developed  increases.  Far  greater 
Htin  would  have  been  the  generation  of  heat  if  the  constituent 
parte  had  moved  in  separate  orbits  round  (he  sun  before  their 
union,  aad  had  accidenlaUy  approached  and  met  each  other. 
For  various  reasons,  however,  this  latter  supposition  ia  not 
very  probable. 

Several  facta  indicate  that  oar  earth  was  once  a  fiery 
liquid  mass,  which  has  since  cooled  gradually,  down  to  a  com- 
paratively isconsiderable  depth  from  the  surface,  to  its  pres- 
ent temperature.  The  first  proof  of  this  is  the  form  of  the 
earth.  '"  The  fonn  of  the  earth  is  its  history."  According 
to  the  most  careful  meaauromenfs,  the  flattening  at  the  poles 
ie  esatily  such  as  a  bquid  mass  rotating  on  its  axis  with  the 
celocity  of  tlie  earth  would  possess ;  from  this  we  may  con- 
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The  temperatore  of  the  cnist  of  the  ^obe  likewise  &if- 
wiics  proof  of  the  cacisteoce  of  ■  store  of  heat  ia  its  intenor. 

Hony  exact  experimeou  and  BwaamniaitB  efaor  tint  iW  I 
ttfuipcralare  of  the  carlh  increaKe  with  the  depth  to  lAich 
we  penetrate.  In  boring  the  arteetan  well  at  Greoelte,  which 
ifl  546  metres  deep,  it  was  observed  that  the  temperalore  aa^ 
nunted  at  the  rate  of  1  for  every  30  metres.  The  same  re- 
sult was  obtained  by  observatioas  ia  the  artesan  well  at  Moo- 
dorf  in  LozemLourg :  this  well  ia  671  metres  in  depth,  and 

I   its  water  3i"  warm. 

Thermal  springB  furnish  a  striking  proof  of  the  high  tem- 

I  peralure  existing  in  the  inlerior  of  the  earth.  Scientific  men 
are  agreed  ttiat  the  ai^ut^ons  deposits  from  tlie  atmosphere, 

I   rain,  haQ,  dew,  and  saow,  aro  the  sole  causes  of  the  forma- 

I  tioti  of  springs.  The  water  obeying  the  laws  of  gravity,  per- 
colates tlirough  the  earth  wherever  it  can,  and  reappears  at 
tlie  sarlace  iii  places  of  a  lower  «tnation.     When  water  sioks 

,    to  considerable  depths  throagh  vertical  crevices  in  the  ro<^, 

I   il  ucqoires  the  temperature  of  the  sarronadiag  strata,  and 

'   mtums  as  a  thermal  spring  to  the  surface. 

Such  waters  arc  frequently  distinfguished  from  the  water 
of  ordinary  springs  merely  by  their  possesHng  a  higher  tern.'* 
peroture.  If,  however,  the  water  in  ils  course  meets  with 
miueral  or  organic  subslancea  which  it  can  dissolve  and  re* 

,  tain,  it  then  reappears  as  a  mineral  spring.  Esamples  of 
such  are  met  with  at  Aachen,  Carlsbad,  &c. 

In  a  far  more  decided  manner  than  by  the  high  tempcra- 
Inro  of  the  water  of  certain  springs,  the  inlerior  lieat  of  our 
glolte  is  made  luanil'est  by  those  hcry  fluid  masses  which 
•omutimes  rise  from  considerable*  depths.     The  temperatur* 
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of  tLe  earth's  cmat  inereaseB  at  the  rate  of  1"  for  every  30 
metres  we  desoend  from  the  surface  towards  the  centre.  Al- 
though it  is  incredihle  that  this  augmeatation  can  continue. at 
the  same  rate  till  tlie  centre  be  reached,  we  may  nevertheless 
assume  with  certainty  that  it  does  continue  to  a  considerable 
depth.  Calculation  based  on  this  assumption  shows  that  at 
B  depth  of  a  few  miles  a  temperature  must  exist  sufficiently 
powerM  to  fuse  most  substances.  Such  molten  masses  pene- 
trate the  cold  crust  of  the  globe  in  many  places,  and  make  . 
their  appearance  as  lava. 

A  distinguished  scientific  man  has  lately  expressed  him- 
self on  the  origin  of  the  interior  heat  of  the  earth  as  follows . 
— "  No  one  of  course  can  explain  the  final  causes  of  things. 
This  much,  however,  is  dear  to  every  thinking  man,  tliat 
there  is  just  as  much  reason  that  o  body,  like  the  earth,  for 
example,  should  be  warm,  warmer  than  ice  or  human  blood, 
OB  there  is  that  it  should  be  cold  or  colder  than  the  latter.  A 
particular  cause  for  this  absolute  heat  is  as  little  necessary  as 
a  cause  for  motion  or  rest.  Change — that  is  to  aay,  transi- 
tion from  one  state  of  things  to  another — alone  requires  and 
admits  of  explanation." 

It  is  evident  that  this  reflection  is  not  fitted  to  suppress  the 
desire  for  an  explanation  of  ihe  phenomenon  in  question.  As 
all  matter  has  the  tendency  to  assume  the  same  temperature 
as  that  possessed  by  the  substances  by  which  it  happens  to  ho 
surrounded,  and  to  remain  in  a  quiescent  slate  as  soon  aa 
equilibrium  has  been  established,  we  must  conclude  that, 
whenever  we  meet  with  a  body  warmer  than  its  neighbours,* 
such  body  must  have  received  at  a  (relatively  speaking)  not 
far  distant  time,  a  certain  degree  of  heat, — a  process  which 
certainly  allows  of,  and  requires  explanation. 

Newton's  theory  of  gravitation,  whilst  it  enables  us  to  de- 
.enaine,  from  its  present  form,  the  earth's  state  of  aggrega- 
tion in  ages  past,  at  the  same  time  points  out  to  us  a  source 
■of  heat  powerful  enough  to  produce  such  a  state  of  aggrega- 
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tion,  powerful  enough  to  melt  worlds  ;  it  teaches  as  lo  con* 
Bidbr  the  molteu  stato  of  a  planet  as  the  result  of  the  mechan- 
iaal  union  of  cosmical  masses,  and  thos  derive  the  radiation 
of  the  aun  and  the  heat  in  the  bowels  of  the  earth  from  & 

The  rotatory  effect  of  the  earth  also  may  be  readily  ex- 
plained by  the  collision  of  its  constituent  parts ;  and  we  tnnat 
accordingly  subtract  the  vis  viva  of  the  axial  rotation  fi^jniJ: 
-  the  whole  efiect  of  the  collision  and  mechanical  combination, 
in  order  to  obtain  the  quantity  of  heat  generated.  The  rota-' 
tory  effect,  however,  is  only  a  small  quantity  in  comparison 
with  the  interior  heat  of  the  earth.  *  It  amounts  to  about 
4400  xT  kilogrammetres,  T  being  the  weight  of  the  earth  in 
lologramtoes,  which  is  equivalent  to  12xT  units  of  heat,  If 
we  assume  the  density  of  the  earth  to  be  uniform  thronghouL 

If  we  imagine  the  moon  in  the  course  of  time,  either  in 
consequence  of  the  action  of  a  resisting  medium  or  fi-om 
some  olher  cause,  to  unite  herself  with  our  earth,  two  princi- 
pal edects  are  to  be  discerned.  A.  result  of  the  collisioa 
would  be,  that  the  whole  mass  of  the  moon  and  the  cold  crust 
of  the  earth  would  be  raised  some  tliousands  of  dugrees  in 
temperature,  and  consequently  the  surface  of  the  earth  would 
be  converted  into  a  fiery  ocean.  At  the  same  time  the  velo- 
city of  the  earth's  osjal  rotation  would  be  somewhat  acceler- 
ated, and  the  poaition  of  its  oxis  with  regard  to  the  heavens, 
and  to  its  own  suriace,  slightly  altered.  If  the  earth  had 
been  a  cold  body  without  axial  rotation,  the  process  of  its 
combining  with  the  moon  would  have  imparted  to  it  botll 
heat  and  rotation. 

It  is  probable  that  such  processes  of  combination  between 
different  parts  of  our  globe  may  have  repeatedly  happened 
before  the  earth  attained  its  present  magnitude,  and  that  lux- 
uriant vegetation  may  have  at  different  times  been  buried  no* 
der  tlift  flery  debris  resulting  from  the  conflict  of  these 
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Aa  long  ae  tbe  surface  of  our  globe  was  in  an  iucandcs- 
cent  stAte,  it  must  have  lost  heat  at  a  very  rapid  rate  ;  griid- 
naQj  this  process  became  slower  ;  aad  alihougb  it  baa  uai  jet 
entirely  ceased,  the  rate  of  cooling  must  have  diiniaished  to  a 
comparatively  small  magnitude.  * 

Two  phenomena  are  caused  Tjy  the  cooling  of  the  earth, 
which,  on  account  of  their  common  origin,  are  intimately  ra- 
lal«d.  The  decrease  of  temperature,  and  consequent  contrao 
tion  of  the  earth's  crust,  must  liave  caused  frequent  distur- 
bances and  revolutions  on  its  surface,  accompanied  by  the 
ejection  of  molten  masses  and  the  formation  of  protuberances ; 
on  tbe  other  hand,  according  to  the  laws  of  mechanics,  the 
velocity  of  rotation  most  have  increased  with  tbe  diminution 
of  the  volume  of  the  sphere,  or,  in  other  words,  the  cooling- 
of  the  earth  must  have  shortened  the  length  of  tho  day. 

As  the  intensity  of  such  disturbances  and  the  velocity  of 
rotation  are  closely  connected,  it  is  clear  that  the  youth  of  our 
planet  must  have  been  distinguished  by  continual  violent 
transformations  of  its  crust,  and  a  perceptible  acceleration  of 
the  velocity  of  its  axial  rotation ;  whilst  in  the  present  lime 
the  melamorpfaoses  of  its  surface  are  much  slower,  and  the 
acceleration  of  its  axial  revolution  dimioisbod  to  a  very  small 
amomit. 

■  If  we  imagine  tJie  limes  when  the  Alps,  tbe  chain  of  the 
Andes,  and  the  Peak  of  Teneriffe  were  upheaved  from  tho 
deep,  and  compare  vrith  such  changes  the  earthquakes  and 
volcanic  eruptions  of  historic  times,  we  perceive  in  these 
modem  transformations  but  weak  images  of  the  analogous 
"  processes  of  bygone  ages. 

Whilst  we  are  emrounded  on  every  side  by  the  monu- 
m.euta  of  violent  volcanic  eonvulsiana,  we  possess  no  record 
of  the  velocity  of  the  axial  rotation  of  our  planet  in  antedi* 
Invian  times.  It  is  of  tho  grcAtest  imporlance  that  we  should 
have  an  exact  knowledge  of  a  change  in  this  velocity,  or  ia 
the  length  of  the  day  during  liialoric  times.     The  inve*jtjga 
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lion  of  this  subject  by  the  great  Laplace  forms  a.  bright  mon* 
umeat  in  the  departmeat  of  exact  science. 

These  calculatioDa  are  easentiallj'  conducted  in  the  fbllow> 
ing  manner : — In  the  first  place,  the  time  between  tfro  eclipses 
of  the  sun,  widely  apart  from  each  other,  is  as  accurately 
as  possible  expressed  in  days,  and  from  this  the  ratio  of  the 
time  of  the  earth's  rotation  to  the  meau  time  of  the  moon's 
revolution  defermined.  If,  now,  the  obaervationH  of  ancient 
aatronomera  be  compared  with  those  of  our  present  time,  (he 
least  alteration  in  the  absolute  length  of  a  day  may  be  d&- 
•  tected  by  a  change  in  this  ratio,  or  in  a  disturbance  in  the 
lunar  rovolulion.  The  most  perfect  agreement  of  ancient  rec- 
ords on  the  movements  of  the  moon  d,nd  the  planets,  on  the 
eclipses  of  the  sun,  &c.,  revealed  to  X.apliice  the  remarkable 
fact  that  iu  the  course  of  ~25  centuries,  the  time  in  which  oor 
earth  revolves  on  its  axis  has  not  altered  jg^th  part  of  a  sexft< 
gesimal  second ;  and  the  length  of  a  day  therefore  may  be 
considered  to  have  been  constant  during  historic  times. 

This  result,  as  important  as  it  was  eonvenieut  for  aslron- 
omy,  was  nevertheless  of  a  nature  to  create  some  difficulties 
for  the  physicist.  With  apparently  good  reason  it  was  con- 
cluded that,  if  the  velocity  of  rotation  had  remained  constant, 
the  volume  of  the  earth  could  have  undergone  no  change, 
rhe  earth  com.pletes  one  revolution  on  its  axis  in  SC,400  si- 
dereal seconds  ;  it  consequently  appears,  if  this  lime  has  not 
altered  during  2500  years  to  the  extent  of  j^nth  of  a  second, 
or  ifMuiwlth  part  of  a  day,  that  during  ihis  long  space  of  time 
the  radius  of  the  earth  also  cannot  have  altered  more  than 
this  fraction  of  ifa  length.  Tlie  earth's  radius  measurea 
6,369,800  metres,  and  therefore  its  length  ought  not  to  Lave 
diminished  more  than  15  centimetres  in  25  centuries. 

The  diminntloE  iu  volume,  as  a  result  of  the  cooling-pro. 
cess,  is,  however,  closely  connected  with  the  changes  on  the 
earth's  surface.  When  we  consider  that  scarcely  a  day 
passes  without  the  occurrence  of  an  earthquake  or  shock  in 
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I  place  or  anotLer,  and  that  of  the  300  aciivo  volcnnoa 
some  are  always  in  action,  it  would  appear  tliat  such  a  lively 
reaclioD  of  the  interior  of  the  earth  against  the  crust  U  in- 
compatihle  with  the  constancy  of  its  volume. 

This  apparent  discrepancy  between  Cordier'a  theory  of  t1i« 
connexion  helween  the  cooling  of  the  earth  and  the  roactiou 
of  the  interior  on  the  eiterior  parts,  and  Laplace's  calcula- 
tion showing  the  constancy  of  the  length  of  the  day,  a  calcu- 
lation which  is  undoubtedly  correct,  has  induced  most  Bcion- 
tific  men  lo  abandon  Cordicr's  theory,  aud  thus  to  deprive 
Ihemselvca  of  any  tenable  esplauatioa  of  volcanic  activity. 

The  continued  cooling  of  tlio  earth  cannot  be  denied,  for 
it  takes  place  according  to  the  laws  of  nature ;  in  thia  roBpoct 
the  earth  cannot  comport  itself  difTerontly  from  any  other 
mass,  however  small  it  may  be.  In  spite  of  the  heat  which 
it  receives  from  the  sun,  the  earth  will  have  a  tendency  to 
cool  BO  long  as  the  temperature  of  its  interior  is  higher  than 
the  mean  temperature  of  its  surface.  Between  tlie  tropica  the 
mean  temperature  produced  by  the  aun  ia  about  28",  and  the 
Bnn  therefore  is  as  little  able  to  stop  the  cooling-tendency  of 
the  earth  as  the  moderate  warmth  of  Iho  air  can  prevent  the 
cooling  of  a  red-hot  ball  suspended  in  a  room. 

Many  phenomena,  for  instance  tlie  melting  of  the  glaciers 
near  the  bed  on  which  they  rest,  show  the  unintamiplcd 
emission  of  heat  from  the  interior  towards  the  exterior  of  the 
earth ;  and  the  question  is,  Has  the  earth  in  25  centuries 
actually  lost  no  more  heat  than  that  which  is  requisite  to 
shorteu  a  radius  of  more  than  6  millioDs  of  metres  only  10 
centimetres? 

In  aoewering  this  question,  three  points  enter  into  our 
calculation; — (1)  tlie  absolute  amount  of  heat  lost  by  the 
earth  in  a  certain  time,  say  one  day ;  (2)  the  earth'e  capacity 
for  heat ;  and  (3)  the  coefficient  of  expansion  of  the  mint  of 
ihe  earth. 

Ae  noue  of  these  quantities  can  be  delermined  by  direct 
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moftsurciocQts,  we  are  oLliged  to  coatent  ourselves  with  prob- 
able estimates ;  these  eslimatee  will  cany  the  more  wei^it  i 
the  loss  they  are  Ibrmeil  in  tavoar  of  some  precoacaiYed  opii>< 


Consideriii";  what  is  known  ahoat  the  expansion  a 
traction  of  solids  and  liquids  by  heat  and  cold,  we  a 
the  conclusion  that  for  a  diminution  of  1~'  in  temp 
the  linear  contraction  of  the  earth  cannot  well  be  less  than 
i^^lh  part,  a  number  which  we  all  the  more  readily  adopt 
because  it  has  been  used  by  Laplace,  Arago,  and  others. 

If  we  compare  the  capacity  for  heal  of  all  solid  and  liquid 
bodies  wliich  bare  been  examined,  we  find  that,  both  as  re- 
gards volume  and  weight,  the  capacity  of  water  is  the  great- 
est. Even  the  gases  come  under  this  rule  ;  hydrogen,  how- 
ever, forms  an  exception,  it  having  the  greatest  capacity  for 
heat  of  all  bodies  when  compared  with  an  equal  weight  of 
water.  In  order  not  to  take  the  capacity  for  heat  of  the  n 
of  the  earth  too  small,  we  shall  consider  it  to  he  equal  to  that 
of  its  volume  of  water,  which,  when  calculated  for  equal  , 
weights,  amounts  to  0'184." 

If  we  accept  Laplace's  result,  that  the  length  of  a  day  h 
remained  cnuslaat  during  the  last  3500  years,  and  coocluda  i 

'  The  capacity  far  heat,  as  well  as  the  CDelGcient  of  expanHion  of  m 
ter,  as  a  rale,  increases  at  higher  temperatures.  As,  however,  Hiese  two  1 
qDHDtitiea  act  In  opposite  ways  in  our  calculations,  we  may  be  allowed  to  4 
dispense  with  tbe  infinence  whicli  tbe. Mgh  temperHtnre  oF  tbcinteriorof  I 
thd  earth  must  eierdse  on  these  munbers.  Even  if,  ia  conspquenoe  «( 
the  high  temperature  of  the  interior,  the  earth's  muBS  could  have  a  cap*-  I 
oity  two  or  three  times  as  great  us  tbat  ntiieh  it  lias  from  0~ 
is  to  be  considered,  on  the  other  himil,  that  the  eoefficieut  of  eipanmon,  I 
yj,j_'j„j,  Dnlj  bolds  good  for  sollcls,  and  Is  even  emull  for  them,  wWIst  in  I 
the  case  of  liquids  we  have  to  assume  a  much  greater  coefficient :  fomuifB.  J 
our;  between  0°  and  100°,  it  ie  about  Bii  times  as  great  Espeoiallygrat  I 
is  the  oontraction  and  expansiua  of  bodies  when  tiiey  chimge  Ib^  U 
of  aggregation ;  and  this  should  be  lakeQ  into  account  when  d 
Ihe  formation  of  the  earth's  omst. 
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tliat  the  earth's  radiue  has  not  diminished  IJ  decimetre  in 
consequence  of  cooling,  we  are  obliged  to  assume,  aecording 
to  the  premises  stated,  tliat  the  mean  temperature  of  our 
planet  caniLot  have  decreased  js;°  in  the  same  period  of  time. 
The  volume  of  the  earth  amounts  to  2650  millions  of  cu- 
bic miles.  A  loss  of  heat  sufficient  to  cool  this  mass  ij" 
would  be  equal  to  the  heat  given  off  when  the  temperature 
of  6,150,000  cubic  milea  of  water  decreases  1'^ ;  hence  the 
loss  for  one  day  would  be  equal  to  6'74  cubic  miles  of  boat. 

Fourier  has  investigaled  the  loss  of  beat  sustained  by  the 
earth.  Taking  the  observation  Ibat  the  temperature  of  tba 
earth  increases  at  the  rate  of  1"  for  every  30  metres  as  the 
basis  of  his  calculations,  this  celebrated  mathematician  Jinds 
the  heat  which  the  globe  loses  by  conduction  through  its  crust 
in  the  space  of  100  years  to  be  capable  of  meltiag  a  layer  of 
ice  3  metres  in  tbicknuss  and  covering  the  whole  surface  o£ 
the  globe  ;  this  corresponds  in  one  day  to  7' 7  cubic  miles  of 
heat,  and  in  2500  years  to  a  decrease  of  17  centimetres  in 
Ibe  length  of  the  radius- 
According  to  this,  the  cooling  of  the  globe  woidd  be  suffi- 
ciently great  to  reqiure  attention  when  the  earth's  velocity  of 
rotation  is  considered. 

At  the  same  time  it  is  clear  that  the  method  employed  by 
Fourier  can  only  bring  to  our  knowledge  one  part  of  the  heat 
which  is  annually  lost  by  the  earth ;  for  simple  conductioa 
through  terra  firma  is  not  the  only  way  by  which  beat  escapes 
from  our  globe. 

In  the  first  place,  we  may  make  mention  of  the  aqueous 
deposits  of  our  atmosphere,  which,  as  far  as  tbey  penetrate 
our  earth,  wasb  away,  so  to  speak,  a  portion  of  the  heat,  and 
thus  accelerate  Ibe  cooling  of  the  globe.  The  whole  quantity 
of  water  which  falls  &om  the  atmosphere  upon  the  land  in 
one  day,  however,  cannot  be  assumed  to  be  much  more  than 
half  a  cubic  mil  p.  in  volume,  hence  tbe  cooUng  efli'cL  produced 
by  this  wai«r  may  be  ne^^eoted  m  our  calculation.    The  beat 
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carried  off  by  &□  the  thermal  springs  in  the  worlil  ia  very 
smaU  in  corapariMiii  with  the  quantities  which  we  have  to 
consider  heie. 

Mudh  more  important  ie  the  effect  prodnced  hy  active  vol- 
canOB.  As  the  heat  which  accompanies  the  molten  matter 
tlie  snrface  is  derived  froni  the  store  in  the  interior  of  tha 
earth,  their  action  mast  influence  conBiderablj"  the  diminution 
of  the  earth's  heat.  And  we  have  not  only  to  consider  here 
-  actual  eruptions  which  take  place  in  aucceaaion  or  eimi 
neously  at  different  ports  of  the  earth's  surface,  but  also  vol- 
canoa  in  a  quiescent  state,  which  continually  radiate  large 
quantities  of  heat  abstracted  trom  the  interior  of  the  globe. 
If  we  compare  the  earth  to  an  animal  body,  we  may  regard 
each  volcano  as  a  place  where  the  epidermis  haa  been  torn 
off,  leaving  the  interior  es^sed,  and  thus  opening  a  door  £ar 
the  escape  of  heat. 

Of  the  whole  of  the  heat  which  passes  away  through 
those  nimierouB  outlets,  too  low  an  estimate  must  not  be 
made.  To  have  some  basis  for  the  estimation  of  this  loss, 
wo  hove  to  recollect  that  in  178S  Skaptar-Jokul,  a  volcano  in 
Iceland,  emitted  sufficient  lava  in  the  space  of  six  vreeka  to 
cover  CO  square  miles  of  country  to  an  average  depth  of  200 
metres,  or,  in  other  words,  about  IJ  cubic  milca  of  lava. 
The  amount  of  heat  lost  by  this  one  eruption  of  one  volcano 
must,  when  the  high  temperature  of  the  lava  is  considered, 
be  estimated  to  be  more  than  1000  cubic  miles  of  heat ;  and 
the  whole  loss  resulting  from  the  action  ff  all  the  volcanos 
amounts,  therefore,  in  all  probability,  to  thousands  of  cubio 
miles  of  heat  per  annum.  This  latter  number,  when  added 
to  Fourier's  i-esnlt,  produces  a  sum  which  evidently  does  ikot 
agree  with  the  nsHiunption  that  the  volume  of  our  earth  liai 
remained  unchanged. 

In  the  invBsligation  of  the  cooling  of  our  globe,  the  influ- 
ence of  the  water  of  the  ocean  haa  to  be  taken  into  accoanC 
Fowler's  calculations  are  baaed  on  the  observations  of  the  i» 
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creaae  of  the  temperature  of  the  cmst  of  our  cartli,  from  the 
Burfaee  towards  the  centre.  But  two-thirds  of  the  surface  of 
■  our  glohe  are  covered  with  water,  ftad  we  cauaot  aBsume  d 
priori  that  this  largo  area  loses  heat  at  the  same  rate  as  the 
solid  parts ;  ou  tho  contrary,  various  eircumatancea  indicate 
that  the  cooling  of  our  globe  proceeds  more  quickly  through 
the  wafers  of  the  ocean  resting  on  it  than  from  the  solid  part* 
merely  in  contact  with  the  atmosphere. 

In  the  first  place,  we  have  ta  remark  that  the  bottom  of 
the  ocean  is,  generally  speaking,  nearer  to  the  store  of  heat 
in  the  interior  of  the  earth  than  the  dry  land  is,  and  hence 
that  the  temperature  increases  moat  probably  in  a  greater 
ratio  from  the  bottom  of  the  sea  towards  tho  interior  of  the 
globe,  than  it  does  in  onr  observations  on  the  land.  Seo- 
ondly,  we  have  to  consider  that  the  whole  bottom  of  the  sea 
is  covered  by  a  layer  of  ice-cold  water,  which  moves  con- 
staQtly  from  the  poles  to  the  equator,  and  which,  in  its  pas- 
sage over  sand-baaka,  causes,  as  Humboldt  aptly  remarks, 
the  low  temperatures  wliich  are  generally  observed  in  shallow' 
places.  'Hiat  the  water  near  the  bottom  of  the  sea,  on  ac- 
count of  its  great  specific  heat  and  its  low  temperature,  ia 
better  fitted  than  the  atmosphere  to  withdraw  the  heat  fi^m 
the  earth,  is  a  point  which  requires  no  further  diaeuasion. 

We  have  plenty  of  observations  which  prove  that  the 
earth  suffers  a  great  loss  of  heat  through  the  waters  of  the 
ocean.  Many  investigations  have  demonstrated  the  existence 
of  a  large  expanse  of  sea,  much  visited  by  whalers,  situated 
between  Iceland,  Greenland,  Norway,  and  Spitdsergen,  and 
extending  from  lat,  76^  to  80^  "N.,  and  from  long.  15"  E,  ta 
15^  "W.  of  Greenwich,  where  the  temperature  was  observed 
to  be  higher  in  the  deeper  water  than  near  the"  surface — an 
experience  which  neither  accords  with  tho  general  rule,  nor 
agrees  with  the  laws  of  hydrostatics.  Franklin  observed,  in 
lat.  77°  N.  and  long.  12°  E.,  that  the  temperature  of  the  sea 
,fME  the  surface  was  —  J°,  and  at  a  depth  of  700  fathonii 
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-(-S".  Fisher,  in  iat.  80'  N.  and  long.  11^  E.,  noticed  that 
the  Burface-water  had  a  temperature  of  0^,  whilst  at  a  depth 
of  140  fathoma  it  stood  at-i-8'. 

As  sea-wator,  noliko  pure  wal«r,  does  not  possess  a  point 
of  greatest  density  at  some  distance  abore  the  freezing-point, 
and  aa  the  water  in  lat.  80'^  N.  is  found  at  some  depth  to  be 
warmer  than  water  at  the  same  depth  10^  southward,  we  cao- 
only  explain  this  remarkable  phenomenon  of  an  increase  of 
temperature  with  an  incroaae  of  depth  by  the  existence  of  a 
source  of  heat  at  the  bottom  of  the  sea.  The  heat,  however, 
which  is  required  to  warm  the  water  at  the  bottom  of  an  ex- 
panse of  ocean  more  than  1000  square  milee  in  extent  to  a 
sensible  degree,  must  amount,  according  to  the  lowest  asd' 
mate,  to  some  cohic  miles  of  heat  a  day. 

The  same  phenomenon  has  been  observed  in  other  parts 
of  the  world,  such  as  the  west  coast  of  Australia,  the  Adri- 
atic, the  Lago  Maggioie,  &c.  Especial  mention  should  here 
be  made  of  an  observation  by  Homer,  according  to  whom  tho 
lead,  when  hauled  up  from  a  depth  varying  trom  80  to  100 
fathoms  in  the  mighty  Guli-atroam  off  the  coast  of  America, 
used  to  be  hotter  tlian  boiling  water. 

The  facts  above  mentioned,  and  some  others  which  might 
be  added,  clearly  show  that  the  loss  of  heat  suffered  by  out 
globe  during  the  last  2500  years  is  far  too  great  to  have  been 
withojit  sensible  effect  on  the  velocity  of  the  earth's  rotation. 
The  reason  why,  in  spite  of  this  accelerating  cause,  the  length 
of  a  day  has  nevertheless  remained  oonstant  since  the  moB^, 
ancient  times,  must  be  attributed  to  an  opposito  retarding  aof 
tion.  This  consists  in  the  attraction  of  the  sun  and  moon  on, 
the  liqnid  parts  of  the  earth's  surface,  as  explained  in  the 
last  chapter. 

According  to  the  calculations  of  the  last  chapter,  the  re- 
tarding pressure  of  the  tides  against  the  earth's  rotatioa. 
would  cause,  during  the  lapse  of  2500  years,  a  sidereal  day 
to  bo  lengthened  to  the  extent  of  „th  of  a  second  j  as  tb/t, 
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leagtli  of  a  day,  however,  has  remaiaed  constant,  tho  cooling 
effect  of  the  earth  during  the  same  period  of  time  must  hiive 
shortened  the  day  f,lh  of  a  Bccond.  A  diminution  of  tlie 
earth's  radius  to  the  amount  of  4i  metres  in  2500  years,  and 
a  daily  loss  of  200  cuhic  miles  of  heat,  correspond  to  this 
effect.  Hence,  in  the  course  of  the  last  25  centuries,  tho 
temperature  of  the  whole  mass  of  the  earth  must  have  de- 
creased ,j '. 

The  not  inconsiderable  controctioQ  of  the  earth  resulting 
from  such  a  loss  of  heat,  agrees  with  the  continual  transfor- 
mations of  the  earth's  surface  hy  earthquakes  and  volcanic 
eruptions ;  and  we  agree  with  Cordier,  the  industrious  ob- 
server of  volcanic  processes,  in  considering  these  phenomena 
a  necessary  consequence  of  the  continual  cooling  of  an  earth 
which  is  still  in  a  molten  slate  in  its  interior. 

When  our  earth  was  in  its  youth,  its  velocity  of  rotation 
most  have  increased  to  a  very  sensible  degree,  on  account  of 
the  rapid  cooling  of  its  theE  very  hot  naaas.  This  accelera- 
ting canse  gradually  diminished,  and  as  the  retarding  pressure 
of  the  tidal  wave  remains  nearly  constant,  the  latter  must 
finaOy  preponderate,  and  the  velocity  of  rotation  therefore 
continually  decrease.  Between  these  two  states  we  have  a 
period  of  equilibrium,  a  period  when  the  influence  of  the 
cooling  and  that  of  the  tidal  pressure  counterbalance  each 
other;  tho  whole  life  of  the  earth  therefore  maybe  divided 
into  three  periods — youth  mth  increasing,  middle  age  with 
uniform,  and  old  age  with  decreasing  velocity  of  rotation. 

The  time  during  which  the  two  opposed  influences  on  the 
rotation  of  the  earth  are  in  eqaUibrium  can,  striclly  apeak- 
ing,  only  be  very  short,  inasmuch  as  in  one  moment  the  cool- 
ing, and  in  the  next  moment  tlie  pressure  of  the  tides  must 
prevail.  In  a  physical  aenae,  however,  when  measured  by 
human  standards,  tho  influence  of  the  cooling,  and  still  more 
BO  that  of  the  tidal  wave,  may  for  ages  be  considered  con 
etanl,  and  there  must  consequently  exist  a  period  of  many 
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measurements,  we  are  obliged  to  content  ourselves  with  proln 
able  estimates ;  these  estimates  will  cany  the  more  wei^iifc 
the  less  they  are  formed  in  jGeiYOur  of  some  preconceived  opin* 
ion. 

Considering  what  is  known  about  the  expansion  and  con- 
traction of  solids  and  liquids  hj  heat  and  cold,  we  arrive  al 
the  conclusion  that  for  a  diminution  of  1°  in  temperatoniy 
the  linear  contraction  of  the  earth  cannot  well*  be  less  than 
ioojooo^^  part,  a  number  which  we  all  the  more  readily  adopt 
because  it  has  been  used  by  Laplace,  Arago,  and  others* 

K  we  compare  the  capacity  for  heat  of  all  solid  and  liquid 
bodies  which  have  been  examined,  we  find  that,  both  as  re- 
gards vohmie  and  weight,  tke  capacity  of  water  is  the  great- 
est. Even  the  gases  come  under  this  rule ;  hydrogen,  how- 
ever, forms  an  exception,  it  having  the  greatest  capacity  for 
heat  of  all  bodies  when  compared  with  an  equal  weight  of 
water.  In  order  not  to  take  the  capacity  for  heat  of  the  mass 
•of  the  earth  too  small,  we  shall  consider  it  to  be  equal  to  that 
of  its  volume  of  water,  which,  when  calculated  for '  equal 
weights,  amounts  to  0'184.* 

If  we  accept  Laplace's  result,  that  the  length  of  a  day  has 
remained  constant  during  the  last  2500  years,  and  conclude 

*  The  capacity  for  heat,  as  well  as  the  coefficient  of  expansion  of  mat- 
ter, as  a  rule,  increases  at  higher  temperatures.  As,  however,  these  two 
quantities  act  in  opposite  ways  in  our  calculations,  we  may  be  allowed  to 
dispense  with  the  influence  which  the.  high  temperature  of  the  interior  of 
the  earth  must  exerdse  on  these  numbers.  Even  if,  in  consequence  of 
the  high  temperature  of  the  interior,  the  earth's  mass  could  have  a  capi^ 
city  two  or  three  times  as  great  as  that  which  it  has  from  0°  to  100°,  it 
is  to  be  considered,  on  the  other  hand,  that  the  coefficient  of  expansion, 
._-j.^'^_^j  only  holds  good  for  solids,  and  is  even  small  for  them,  whilst  in 
the  case  of  liquids  we  have  to  assume  a  much  greater  coefficient :  for  mer- 
cury between  0°  and  100°,  it  is  about  six  times  as  great  Especially  great 
is  the  contraction  and  expansion  of  bodies  when  they  change  their  Btata 
of  aggregation ;  and  this  should  be  taken  into  account  when  considering 
the  formation  of  the  earth's  crust. 
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that  the  earth's  radius  has  not  diminished  1^  decimetre  in 
consequence  of  cooling,  we  are  obliged  to  assume,  according 
to  ike  premises  stated,  that  the  mean  temperature  of  our 
planet  cannot  have  decreased  ^^  in  the  same  period  of  time. 

The  volume  of  the  earth  amounts  to  2650  millions  of  cu- 
bic miles.  A  loss  of  heat  sufiGicient  to  cool  this  mass  4§o° 
wofuld  be  equal  to  the  heat  given  off  when  the  temperature 
of  6,150,000  cubic  miles  of  water  decreases  1° ;  hence  the 
loss  for  one  day  would  be  equal  to  6*74  cubic  miles  of  heat. 

Fourier  has  investigated  the  loss  of  heat  sustained  by  the 
eaiih.  Taking  the  observation  that  the  temperature  of  the 
earth  increases  at  the  rate  of  1°  for  every  30  metres  as  the 
basis  of  his  calculations,  this  celebrated  mathematician  finds 
the  heat  which  the  globe  loses  by  conduction  through  its  crust 
m  the  space  of  100  years  to  be  capable  of  melting  a  layer  of 
ice  3  metres  in  thickness  and  covering  the  whole  surface  of 
the  globe ;  this  corresponds  in  one  day  to  7*7  cubic  miles  of 
heat,  and  in  2500  years  to  a  decrease  of  17  centimetres  in 
the  length  of  the  radius. 

According  to  this,  the  cooling  of  the  globe  would  be  suffi- 
cientty  great  to  require  attention  when  the  earth's  velocity  of 
rotation  is  considered. 

At  the  same  time  it  is  clear  that  the  method  employed  by 
Fourier  can  only  bring  to  our  knowledge  one  part  of  the  heat 
which  is  annually  lost  by  the  earth ;  for  simple  conduction 
through  terra  firma  is  not  the  only  way  by  which  heat  escapes 
from  our  globe. 

In  the  fiiBt  place,  we  may  make  mention  of  the  aqueous 
deposits  of  our  atmosphere,  which,  as  far  as  they  penetrate 
our  earth,  wash  away,  so  to  speak,  a  portion  of  the  heat,  and 
thus  accelerate  the  cooling  of  the  globe.  The  whole  quantity 
of  water  which  falls  £rom  the  atmosphere  upon  the  land  in 
one  day,  however,  cannot  be  assumed  to  be  much  more  than 
half  a  cubic  miler  in  volume,  hence  the  cooling  effect  produced 
by  this  water  may  be  neglected  in  our  calculation.     The  heat 


m. 


THE  MECHANICAL  EQUIVALENT  OF  HEAT 


THE  vast  and  magnificent  structure  of  the  experimental 
sciences  has  been  erected  on  only  a  few  pillars.  His- 
tory teaches  us  that  the  searching  spirit  of  man  required 
thousands  of  years  for  the  discovery  of  the  fundamental  prin» 
ciples  of  the  sciences,  on  which  the  superstructure  was  then 
raised  in  a  comparatively  short  time.  But  these  very  Amda- 
mental  propositions  are  nevertheless  so  clear  and  simple,  that 
the  discovery  of  them  reminds  us,  in  more  than  one  respect, 
of  Columbus's  egg. 

But  if,  now  that  we  are  at  last  in  possession  of  the  truth, 
we  speak  of  a  method  by  the  application  of  which  the  most 
essential  fundamental  laws  might  have  been  discovered  with- 
out waste  of  time,  it  is  not  that  we  would  criticize  in  any  light 
spirit  the  efforts  and  achievements  of  our  forerunners :  it  is 
merely  with  the  object  of  laying  before  the  reader  in  an  ad- 
vantageous form  one  of  the  additions  to  our  knowledge  which 
recent  times  have  brought  forth. 

The  most  important — ^not  to  say  the  only — ^rule  for  the 
genuine  investigation  of  nature  is,  to  remain  firm  in  the  con- 
viction that  the  problem  before  us  is  to  learn  to  know  phenom- 
ena, before  seeking  for  explanations  or  inquiring  after  higher 
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As  soon  as  a  fact  is  once  knowD  io  all  ita  reltitious, 
it  is  thorcin  csplaincd,  and  the  problom  of  science  is  at  an 

Notwithstanding  that  sorac  may  pronounce  this  a  trite 
assertion,  and  no  matter  how  many  arguments  others  may 
bring  to  oppose  it,  it  remains  none  the  lees  certain  that  thia 
primary  rule  has  heen  too  often  diarcgarded  even  up  to  th< 
most  modern  times ;  Trhile  all  the  speculative  operations  of 
even  the  moat  highly  gifted  minds  which,  instead  of  taking 
firm  hold  of  facts  as  such,  have  striven  to  rise  above  them, 
have  as  yet  borne  but  barren  fruit. 

We  shall  not  here  discuss  tliQ  modern  naturalistic  philoso- 
phy (^Naturphilosophie)  further  than  to  say  that  ils  character 
is  already  sufficiently  apparent  &om  the  ephemeral  existence 
of  its  offspring.  But  even  the  greatest  and  most  meritorious 
of  the  naturalists  of  antiquity,  in  order  to  explain,  for  exam- 
ple, the  properties  of  the  lever,  took  refuge  in  the  assertion 
that  a  circle  is  snch  a  marvellous  thing  that  no  wonder  if  mo- 
tions, taking  place  in  a  circle,  ofier  also  in  their  torn  most 
unusual  phenomena.  If  Aristotle,  instead  of  straining  his 
extraordinary  powers  in  meditations  upon  the  fixed  point  and 
advancing  line,  as  he  calls  (be  circle,  had  investigated  the 
numerical  relations  subsisting  between  the  length  -of  the  arm 
of  the  lever  and  the  pressure  exerted,  ho  would  have  laid  tho 
fotmdation  of  an  important  part  of  haman  knowledge. 

Such  mistakes,  committed  as  they  were,  in  accordance 
with  the  spirit  of  those  times,  even  hy  a  man  whose  many 
positive  services  constitute  hia  everlasting  memorial,  may 
serve  to  point  us  in  the  opposite  road  which  leads  us  surely 
to  the  goal.  But  if,  even  hy  the  most  correct  method  of  in- 
vestigation, nothing  can  be  attained  without  toil  and  industry, 
the  cause  is  to  be  sought  in  that  divine  order  of  the  world 
according  to  which  man  is  made  to  labour.  But  it  is  certain 
tiat  already  immeasurably  mora  means  and  more  toil  have 
been  sacrificed  to  error  than  were  needed  for  the  discovery  of 
the  truth. 


313  THE   MECHAlflOAL  EQmvALEHT   OF   HEAT. 

The  rule  wliich  muat  be  followed,  in  order  to  lay  the  foia; 
dations  of  u.  knowledge  of  nature  in  the  shortest  coDceivabl 
time,  may  be  comprised  in  a  few  words.  The  natural  ph( 
nomena  with  which  we  come  into  most  immediate  conLad 
and  wliich  are  of  moat  frequent  occurrence,  must  be  subjects 
tn  a  careful  examination  by  means  of  the  organs  of  eensi 
and  this  examination  must  be  continued  until  it  results  i 
quantitative  determinations  which  admit  of  being  expreasa 
by  nambera, 

Tliese  numbers  are  the  required  foundations  of  an  emu 
investigation  of  nature. 

Among  all  natural  operations,  the  free  fall  of  a  weight  i 
the  most  frequent,  the  simplest,  and — witness  Newton's  ap| 
— at  the  same  time  the  most  important.  When  this  procei 
is  analysed  in  the  way  that  has  been  mentioned,  we  immei 
diately  see  that  the  weight  strikes  against  the  ground  I 
harder  the  greater  the  height  from  which  it  has  fallen  ;  a 
the  problem  now  consists  in  the  determination  of  the  quant 
tative  relations  subsisting  between  the  height  from  wliich  IJ 
weight  falls,  the  time  occupied  by  it  in  its  descent,  and  i 
final  velocity,  and  in  expressing  these  relations  by  d^m 
numbers. 

In  carrying  out  this  experimenlal  inveBtigation,  varioD 
dillicullies  have  to  be  contended  with ;  but  these  must  8 
can  be  overcome  ;  and  then  the  truth  is  arrived  at,  that  ft 
every  body  a  fall  of  BisLeen  feet,  or  a  time  of  descent  of  on 
Bscoiid,  corresponds  to  a  final  velocity  of  thirty-two  feet  i 
second. 

A  second  phenomenon  of  daily  o 
apparent  contradiction  to  the  laws  o 
ascent  of  liquids  in  tubes  by  suction. 

applies,  not  to  allow  the  maxim,  ueHe  ri ,.j 

to  lead  us  into  er.jr  through  useless  and  therefore  harmtiil,     ' 
Bpoculations  concerning  the  qualities  of  the  vacuum,  and  tlie 
like;  on  the  c:>n:ra]7y,  we  mnst  again  examiiie  the  pheuom^ 
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Here,  again,  the 
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ft  with  attention  and  awakened  senses;  and  t]ien  wc  find, 
an  soon  as  we  pnt  a  tube  to  the  month  to  raise  a  liquid,  that 
the  operation  is  at  first  quite  easy,  but  that  afterwards  it  re- 
quires an  amoant  of  exertion  which  rapidly  increases  as  the 
column  of  liquid  becomes  higher.  Is  there,  perchance,  an 
ascertainable  limit  to  the  action  of  suction  ?  As  soon  aa  we 
once  begin  to  esperimcnt  in  this  direction,  it  can  no  longer 
escape  us  that  there  is  a  barometric  height,  and  that  It  attains 
to  about  thirty  inches.  This  number  is  a  second  chief  pillar 
in  the  edifice  of  human  knowledge. 

Question  now  follows  question,  and  answer,  answer.  Wa 
have  learned  that  the  prea^mre  exerted  by  a  column  of  fluid  is 
proportional  to  its  height  and  to  (be  specific  gravity  ot  the 
fluid;  we  have  thus  determined  the  speciic  gravity  of  the  at 
mospherc,  and  by  this  m^eatigation  we  are  led  to  carry  up 
aur  measuring  mstrament  the  barometer  from  the  plain  to 
the  mountains,  and  to  express  numerically  the  effect  produced 
by  elevation  above  the  sea-level  upon  the  height  of  the  mer- 
cury-column. Such  experiments  suggest  the  question,  Wliether 
the  laws  of  falling  bodies,  with  which  we  have  become 
acquainted  at  the  surface  of  the  earth,  do  not  likewise  un- 
dergo modification  at  greater  distances  from  the  ground. 
And  if,  aa  (I  jirwri  we  cannot  bat  expect,  this  should  lie  really 
the  case,  the  further  question  arises.  In  what  manner  is  the 
number  already  found  modified  by  distance  from  the  earth? 
We  have  thus  come  upon  a  problem  the  solution  of  which  is 
attended  with  many  difficulties ;  for  wjiat  has  now  to  be  ao- 
coraplishcd,  is  to  make  observations  and  carry  out  measure- 
menta  in  places  where  no  human  foot  can  tread.  History, 
however,  teaches  that  the  same  man  who  put  the  question 
was  also  able  to  furnish  the  answer.  Truly  he  could  do  so 
only  through  a  rich  treasure  of  astronomical  knowledge.  But 
how  is  tliis  knowledge  to  be  attained  by  us? 

Astronomy  is,  without  question,  even  in  its  first  principloB, 
%e  naost  difficult  of  all  scieuces.     We  have  here  to  dec 
16 
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objects  and  spaces  ■whicli  forLid  all  tiioiight  of  experimentj 
while  at  the  same  time  tLe  moticias  of  the  imimnerable  hea^ 
enly  bodies  are  of  so  coioplicated  a  kind,  that  astronomieii 
science,  in  its  stately  unfolding,  is  rightly  coaaidcred  the  h 
est  trimuph  whereof  human  intellect  here  below  is  able  fl 
boast. 

In  accordance  with  the  natural  rule  that,  both  in  partiou 
lars  and  in  general,  man  has  to  begin  with  that  wbich  i 
easiest  and  then  to  advance  step  by  step  to  what  is  more  d 
cult,  it  might  well  be  supposed  that  astronomy  must  have  a, 
rived  at  a,  flouriBhing  state  of  development  later  than  ) 
other  branch  of  huinan  knowledge.     But  it  is  well  k 
in  reality  the  direct  opposite  was  the  case,  iaasmucl 
precisely  in  aslronomy,  and  in  no  other  branch,  that  the  & 
lieat  peoples  attained  to  really  sound  knowledg* 
indeed,  be  asserted  that  the  science  of  the  heavenly  bodiei 
had  in  antiqiiitj  reached  as  high  a  degvee  of  perfection  as  ti 
complete  want  of  all  the  auxiliary  sciences  rendered  pqssibld 

This  early  occurrence  of  a  vigorous  development  of  a 
tronomy,  which,  indeed,  was  a  necessary  forerunner  of  ti 
other  sciences,  since  it  alone  furnished  the  necessary  data  Sat 
the  mcasorement  of  time,  is  observable  among  the  most  V, 
rious  races  of  mankind :  the  reason  of  it,  moreover,  lies  i 
the  nature  of  things,  and  in  the  tonatitution  of  the  htn; 
mind.  It  famiahea  a  remarkable  proof  that  a  right  me' 
is  the  most  important  condition  for  the  successfol  proseci 
of  scientific  inquiry. 

The  explanation  of  this  phenomenon  lies  in  the  fact  i 
the  need  which  was  felt  at  a  very  early  period,  of  a  com 
standard  for  the  computation  of  time,  made  it  tiecosaary  t) 
institute  observations  such  that  their  i-esults  required  to  I 
expressed  by  definite  nJimbera,  There  was  a  felt  necessity  o 
datermining  the  time  in  which  the  sun  accomplishes 
cuit  through  the  heavens,  as  well  as  the  time  in  which  i 
moon  goes  through  her  phases,  and  other  similar  qaea 
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r  to  meet  tliis  necessity,  there  was  no  temptation  to 
talce  np  tlie  Book  of  Niitm-e,  after  tlie  manner  of  expositors 
and  critics,  merely  to  cover  it.with  glosMs ; 

"Mit  eitler  Rede  wiriJ  Lior  niclits  geschafft." 

It  was  numbers  that  were  sought,  and  numbers  that  were 
fooad.  The  overpowering  force  of  circumstances  couatrained 
the  spirit  of  inquiry  into  the  right  path,  and  therein  led  it  at 
once  from  euccess  to  success. 

Now  that  after  long-continued,  accurate,  and  ibrtunata 
observationa  the  needful  knowledge  of  the  courses  and  dis- 
tances of  the  nearest  heavenly  bodies,  as  well  as  of  the  figure 
and  size  of  the  earth,  has  been  acquired,  wo  arc  in  a  position 
to  treat  the  question,  What  is  the  numerical  influence  exerted 
by  increased  distance  from  the  earth  upon  the  known  laws  of 
falling  bodies?  and  we  thus  arrive  at  the  pregnant  discovery 
that,  at  a  height  equal  to  the  earth's  semidiamelor,  the  dis> 
tance  fallen  through  and  the  final  velocity,  for  the  first  second, 
is  four  times  less  than  on  the  surface  of  the  earth. 

In  order  to  pursue  our  inqoiry,  let  us  now  return  to  the 
objects  which  immediately  surround  us.  From  the  earliest 
times,  the  phenomena  of  combustion  must  have  claimed  in  an 
especial  degree  the  attention  of  mankind.  In  order  to  ex- 
plain them,  the  ancients,  in  accor<lance  with  the  method  of 
their  naturalistic  philosophy,  put  forward  a  peculiar  upwai'd- 
striving  element  of  Fire,  which  in  conjunction  with,  and  in 
opposition  to.  Air,  Water,  and  Earth,  constituted  all  that  ex- 
isted. The  necessary  consequence  of  this  theory,  which  thoy 
discussed  with  the  most  acute  sagacity,  was,  that  in  regard  to 
the  phenomena  in  question  and  all  that  related  to  tliom,  tliey 
remained  in  complete  Ignorance. 

Here,  again,  it  is  quantitative  determinalions,  it  is  nuiu< 
bers  alone,  which  put  the  Ariadne's  cine  in  our  hand.  If  wo 
want  to  know  what  goes  on  during  the  phenomena  of  tom- 
onstion,  we  must  weigh  tlic  substances  before  and  after  they 
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are  bumed ;  anil  hare  the  knowledge  we  have  already  i 
quired  of  tlio  weight  of  gaseous  bodiea  comes  to  our  a 
We  then  find  that,  in  every  caao  of  combustion,  snbstani 
which  previously  existed  in  a  separate  state  enter  into  an  inti 
male  union  with  each  other,  and  that  the  total  weight  of 
substances  remains  the  same  both  before  and  after  the  comb: 
nation.     We  thus  come  to  know  the  diffaront  bodies  in  thei 
separate  and  in  their  combined  states,  and  learn  how  to  trani 
form  them  from  one  of  these  states  into  the  other  ;  we  learn 
for  instance,  that  water  is  composed  of  two  binds  of  air  whie 
combine  with  each  other  in  the  proportion  of  1:8,     Aa  en 
trance  into  chemical  science  is  thus  opened  to  na,  and  the  nu 
merical  laws  which  regulate  the  comhinationB  of  matter  (di 
SlSckiometrie)  hang  like  ripe  fruit  before  ns. 

As  we  proceed  further  in  our  investigations,  we  find  tha 
in  an  chemical  operations — combinations  as  well  as  decompo 
sitlona — changes  of  temperature  occur,  which,  according  ti 
the  varying  circumstances  of  different  cases,  are  of  all  da 
grees  of  intensity,  from  the  m.ost  violent  heat  downwards 
We  have  mcBSured  quantitatively  the  heat  developed,  « 
counted  the  number  of  heat-units,  and  have  so  come  into  poa 
session  of  the  law  of  the  evolution  of  heat  in  chemical  pro 

Wo  have  long  known,  however,  that  in  innumerable  casei 
beat  makes  its  appearance  where  no  chemical  action  is  goio] 
on ;  for  instance,  whenever  there  is  li'iction,  when  unelastii 
bodies  strike  one  another,  and  when  aeriform  bodies  ore  com 
pressed. 

What  then  talees  place  when  heat  is  evolved  in  attch  wau 
<istheae? 

We  are  taught  by  history  that  in  this  case  also  tho  moa 
sagacious  hypotheses  concerning  the  state  and  natorfi  of  i 
peculiar  "matter"  of  heat,  concerning  a  "thermal  »ther," 
whelher  at  rest  or  in  a  state  of  vibration,  concerning  "  thOTi 
mal  atoms,"  supposed  to  exercise  their  f^mctions  in  the  interi 


between  the  material  atoms,  or  olher  hypolLeees  uf  like 
nature,  have  not  availed  lo  Bolve  the  probkm.  It  ia,  notwith- 
Btandisg,  of  no  leaa  wonderfdllf  eiiDple  a  nature  than  the  lawi 
of  the  lever,  about  which  tiie  founder  of  th«  peripatetic  phi 
losophj  cudgeUed  his  brains  in  vain. 

Ailer  what  has  gone  before,  the  reader  cannot  be  in  any 
douht  about  what  is  the  course  now  to  be  puraued.  We  muat 
Rgain  make  quantitative  determinalioos :  we  must  measure 
aud  count. 

If  we  proceed  in  this  direction  and  measure  the  quantity 
of  heat  developed  bj  mechanical  agency,  as  well  as  the 
■amount  of  force  used  up  in  producing  it,  and  compare  these 
(juanlities  with  each  other,  we  at  once  find  that  they  stand  to 
each  other  in  the  simplest  conceivable  relation — that  is  lo  say, 
in  an  invariable  direct  proportion,  and  that  the  proportion  also 
holds  when,  inversely,  mechanical  force  is  again  produced  by 
the  aid  of  heat. 

Putting  these  facts  into  brief  aud  plain  hinpTiage,  we  may 

Seat  and  motion,  art  transformable  one  into  Ike  other, 
"We  cannot  aud  ought  not,  however,  to  let  this  auffieo  lu. 
We  require  to  know  how  much  mechanical  force  ia  needed  for 
the  production  of  a  given  amount  of  heat,  and  convcrBcly> 
In  other  words,  the  law  of  tlic  invariable  quaulitativu  relation 
between  motion  and  heat  must  be  expressed  nunicricaUy, 

When  we  appeal  hereupon  to  espcrimeut,  wo  find  that 
raising  the  temperature  of  a  given  weight  of  water  ono  dogrus 
af  the  Centigrade  Bcale  corresponds  to  tlie  elevation  of  oa 
weight  to  the  height  of  about  1,2(>0  [French]  ieet. 
'hit  Monher  is  the  KIechakicai.  Equitalbnt  of  Hbit. 


^^mnal  V 
t        ^«sti 


production  of  heat  by  friction  and  other  muchanicul 
aerations  is  a  ftindamefltal  fact  of  such  constant  oceurrenco, 
that  the  importance  of  its  establishment  on  a  scientific  hasia 
Till  be   recognized  by  naturalists  without  any  preliminary 
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enumeration  of  its  usefbl  applitationa ;  and,  for  the  aama  J 
reason,  a  few  historical  remarks  touching  the  eircumstancea'  1 
attending  the  diBcovery  of  the  foregoiiig  fundamental  law,,1 
will  not  be  out  of  place  here. 

In  the  summer  of  1840,  on  the  occasion  of  bleeding  Eti- 
ropeans  newly  arrir'ed  in  Java,  I  made  the  obBervalion  that! 
Ihe  blood  drawn  from  the  rein  of  the  arm  possessed, ; 
without  exception,  a  surpriaiagly  bright  red  colour. 

This  phenomenon  riveted  my  earnest  attention.  St&rtiflg'U 
from  Iiavoisier's  theory,  according  to  which  animal  heat  K  M 
the  result  of  a  process  of  com.bualion,  I  regarded  the  two&l^] 
change  of  colour  which  the  blood  aadergooB  ia  the  capiUariefl 
as  a  sensible  sign — as  the  Tiaihle  indication — of  an  oxidatioi 
going  on  in  the  blood.  In  order  that  the  human  body  n 
be  kept  at  a  unitbrra  temperature,  the  devdopraent  of  b 
within  it  must  bear  a  quantitative  relalion  to  the  heat  u>AioJb<1 
it  loses — a  relation,  tliat.  is,  to  the  temperature  oF  the  t 
rounding  medium ;  and  hence  both  the  production  of  heat'l 
and  the  process  of  oxidation,  as  well  as  the  differs 
our  of  the  lim>  Mnds  of  hltiod,  must  be  on  the  whole  tesB  in  ] 
the  torrid  zones  than  in  colder  regions. 

In  accordance  with  this  theory,  and  having  regard  t 
known  physiological  facts  which  bear  upon  the  question,  theJ 
blood  must  be  regarded  as  a  fermenting  liquid  imdergoing:] 
slow  combustion,  whose  most  important  function — that  ia,i1 
sustaining  the  process  of  combustion — is  fulfilled  without  the  j 
constituents  of  the  blood  (with  the  exception,  that  it 
products  of  decomposition)  leaving  the  cavities  of  the  blood-  i 
vessels  or  coming  into  such  relation  with  the  organs  that  a 
interchange  of  matter  can  take  place.  This  may  be  tbns  J 
stated  in  other  words  :  hy  far  the  greater  part  of  the  assimi-  I 
lated  food  is  burned  in  tiie  cavities  of  the  hlood-veaseb  them- J 
ealves,  for  the  puipose  of  producing  a  physical  effect,  and  ti 
comparatively  small  quantity  only  serves  the  leas  import] 
end  of  ultimately  entering  the  substance  of  tlie  organs  theal 
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I,  BO  aa  to  occasion  growth  and  the  renewal  of  the  worn- 

ll  solid  ports. 

^'Jf  hence  it  follows  that  a  general  balance  must  be  stmck 
Qie  organiam  between  receipts  and  espenditure,  or  between 
work  done  and  wear  and  tear,  it  is  unmistakably  one  of  the 
inoBt  important  problems  with  which  the  phyaiologiat  baa  lo 
deal,  to  make  kinisclf  as  thoroughly  aequainted  as  it  is  possi- 
ble for  him  to  be  with  the  budget  of  the  object  of  his  exami- 
nation. The  wear  and  tear  consists  in  the  amount  of  matter 
consumed ;  the  work  done  is  the  evolution  of  heat.  This 
latter  effect,  however,  ia  of  two  kinds,  inasmuch  as  the  ani- 
mal body  evolves  heat  on  the  one  hand  directly  iu  its  own 
interior,  and  distributes  it  by  communication  to  the  objects 
immediately  aurrouDding  it ;  while,  on  the  other  hand,  it 
poaaesaes,  through  its  organs  of  motion,  the  power  of  produc- 
ing heat  mechanically  by  frictioQ  or  in  similar  ways,  even  at 
dialant  points.     We  now  require  to  know 

Whether  the  heat  directly  evolved  is  alose  to  be  laid  to  the 
aeoounl  nf  the  process  of  comtnistion,  lyr  wkelker  it  is  the  aoM 
of  the  heat  evolved  both  directly  and  indireetly  that  it  is  to  be 
taken  into  calculation. 

This  ia  a  question  that  touches  the  very  foundations  of  sci- 
ence ;  and  naleaa  it  receives  a  truatworthy  answer,  the  healthy 
development  of  the  doclrine  concerned  is  not  possible.  For 
it  has  been  already  shown,  by  various  examples,  what  are 
the  consequences  of  neglecting  primary  quantitative  determi- 
nations. No  wit  of  man  is  able  to  furnish  a  substitute  for 
what  nature  offers. 

The  physiological  thepry  of  combustion  starts  fVom  the 
fimdamcaial  proposition,  that  the  quantity  of  heat  which  m- 
suits  from  the  combustion  of  a  given  substance  ia  invaHable — • 
tliat  is,  that  its  amount  is  ura,nflu.enced  by  the  cireunt stances 
which  accompany  the  combustion  ;  whence  we  infer,  "  in  spe- 
cie" tliat  the  chemical  efiect  of  combustible  mattci"  can  un- 
dergo no  alteration  in  amotmt  erw  bf  the  vital  process,  ot  ■ 
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that  the  living  organism,  with  all  its  riddles  and  marvels,  cao* 
not  create  heat  out  of  nothing. 

But  if  we  hold  firm  to  thia  physiological  axiom,  the  an 
Bwer  to  the  question  started  above  is  already  given.  For^ 
unless  we  wish  to  attribute  again  to  the  organism  the  powee 
of  creating  heat  which  has  just  been  debied  to  it,  it  conant  ha 
assnmed  that  the  heat  which  it  produces  can  ever  amoimt  to 
more  than  the  chemical  action  wluch  takes  place.  On  the 
combnstion-thcoTj  there  is,  then,  no  alternative,  short  of  sa- 
crificing the  theory  itself,  but  to  admit  that  the  total  amoimt 
of  Leat  evolved  by  the  organism,  partly  directly,  and  partly 
indirectly  by  mechanical  action,  correaponds  quantitatively, 
or  is  equal  to  the  amount  of  conibustion. 

Hence  it  follows,  no  less  inevitably,  thai  the  heat  produced 
TTiechanicallj/  iy  the  organism  must  bear  an  invariabh  quantita- 
tive relalio'ii  to  the  work  expended  in  producing  U. 

I  For  if,  according  to  the  varying  construction  of  the  i 

ehanioal  arrangements  which  serve  for  the  development  of 
the  heat,  the  same  amount  of  work,  and   hence  the   eame 

i  amount  of  organic  combustion,  could  produce  varying  quanti- 
ties of  heat,  the  quantity  of  heat  produced  from  one  and  the 
same  exponditare  of  material  would  come  out  smaller  at  one 
time  and  larger  at  another,  which  is  contrary  to  our  assump- 

'  tion.  Further,  iaasmuch  as  there  is  no  difference  in  kind  be- 
tween the  mechanical  pcrfonDancea  of  the  animal  body  and 

,  those  of  other  inorganic  sources  of  work,  it  follows  that 

AN   INYAJaABL£    QUAVTITATIVK  BELATION  BETWEEN  SfAT 

AND  WOttK   18  A  rOSTDLATE    OF   THE   FHT810L0G1CAL    THEOaS' 

I    OF  COMBUSTION. 

Wliile  following  in  general  the  direction  indicated,  it  waa 
accordingly  needful  for  me  in  the  end  to  fix  my  attontioD 
I  chicfiy  on  the  physical  connection  subsisting  betweeo  nkotioD 
i  and  heat ;  and  it  was  thus  imposaihie  for  the  existence  of  the 
I  mechanical  equivalent  of  heat  to  rcmam  hidden  from  me. 
I  But,  although  I  have  to  thank  an  accident  for  this  discovery, 
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it  ie  none  the  letis  mj  own,  and  I  do  not  hesitate  to  assert  mj 
right  of  priority. 

In  order  to  euBitre  what  had  heen  thus  diseovered  afjaiast 
casualties,  I  put  together  the  must  important  points  in  a  short 
paper  which  I  sent  in  the  spring  uf  1842  to  Liebig,  with  ft 
request  that  he  would  insert  it  in  the  Annalen  der  Chemie  ii«rf 
PhanMcie,  in  the  forty-second  volume  of  which,  page  233,  it 
may  be  foimd  under  the  title  "  Bomerkungen  liber  die  Kriifta 
dur  unbeleblen  Natur." 

It  was  a  tbrtunate  circumstance  for  mc  that  the  reception 
given  to  my  unpretending  work  by  this  mao,  gifted  with  bo 
deep  an  insight,  at  once  accured  for  it  an  eatroncc  into  one  of 
the  Srat  scientific  organs,  and  I  seize  this  opportunity  of  pub- 
licly testifying  to  the  great  naturalist  my  gratitude  and  my 
esteem. 

Liebig  himself,  however,  had  about  llie  same  time  alreudy 
pointed  out,  in  more  general  but  still  unmistakable  terms,  the 
coonectioa  subaiating  between  heat  and  work.  In  particular, 
be  asserts  that  the  heat  produced  mechanically  by  a  steam- 
engine  is  lo  be  attributed  solely  to  the  efi'ect  of  combustion, 
which  can  never  receive  any  increase  through  the  fact  of  its 
producing  mechanical  effects,  and,  tlirough  these,  again  devel- 
oping heat. 

From  these,  and  from  similar  expressions  of  other  scien- 
tific men,  wo  may  infer  tliat  science  has  recently  entered  upon 
a  direction  in  wliicb  the  existence  of  the  mechanical  equiva- 
lent of  heat  could  not  in  any  caae  have  remained  longer  un- 
porceived. 

In  the  paper  to  which  reference  has  been  made,  the  nat- 
ural law  with  which  we  are  now  concerned  ia  referred  hack 
to  a  few  ftmdamcnlal  conceptions  of  the  human  mind.  The 
propoaition  that  a  magnitude,  which  does  not  spring  from 
nothing,  cannot  be  anniliilaled,  is  so  simple  and  clear  that  no 
valid  argument  can  be  urged  againat  its  truth,  any  more  thau 
ftxiom  of  gcomeliy ;    and  until  the  contrary 
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proved  by  some  fact  cslalilielied  beyond  a  doabt, 
cept  it  aa  true. 

Now  we  arc  taught  by  cKpcrience,  tfiat  neltlier  motiou  nor 
heat  ever  takes  its  rise  except  at  the  expense  of  some  meas 
urable  object,  and  that  in  innumerable  cases  motion  disap- 
pears without  any  thing  except  heat  making  its  appearance. 
The  axiom  that  we  have  eetablished  leads,  then,  now  to  the 
coDclusion  that  the  motion  that  dieappears  becomes  beat,  or, 
in  other  words,  that  both  objects  beEU-  to  each  other  Bti  inva- 
riable quantitative  relation.  The  proof  of  this  couclusion  by 
the  method  of  experiment,  the  estabhshment  of  it  in  all  its 
detaUs,  the  tracing  of  a  complete  harmony  aubaisting  between 
the  laws  of  thought  and  the  objective  world,  is  the  most  inteiv 
eating,  but  b.t  the  same  time  the  most  comprehensive  problem 
that  it  is  possible  to  fiad.  What  I,  with  feeble  powers  and 
without  any  external  support  or  eacouragement,  have  elfected 
in  this  direction  is  truly  little  enough  ;  but — ultra  pome  itemo  ■ 
ohligatui. 

In  the  paper  referred  to  (the  first  of  Mayer's  in  the  pres- , 
eat  volume)  I  have  tfioB  expressed  myself  with  regard  to  the 
genetic  connection  of  heat  and  moving  force : 

"  If  it  be  now  considered  as  eatabliahed  that  in  many 
cases  {exceptio  confirmat  regulam)  no  other  effect  of  motion 
can  be  traced  except  heat,  and  that  no  other  cause  than  motioa 
can  be  found  for  the  heat  that  is  produced,  we  prefer  the  a» 
sumption  that  heat  proceeds  &om  motion,  to  Ih'e  asstuaption 
of  a  couse  withont  effect  and  of  an  effect  without  a  canse^ 
just  as  the  chemist,  instead  of  allowing  oxygen  aad  hydrogen 
to  disappear  without  further  investigation,  and  water  to  be 
produced  in  some  inexplicable  manner,  establishes  a  connec- 
tion between  oxygen  and  hydrogen  on  the  one  hand  and  water 
on  the  other." 

From  this  point  there  is  but  one  step  to  be  made  to  tha 
goal.  At  page  257  it  is  said :  "  The  solution  of  the  eqnar 
tions  subsisting  between  falling-force  [that  is,  the  raising  of 


coNSEcnoN  or  heat  and  movko  force. 

nreight]!  and  motion  requires  thai  tlie  spaco  fBUoii  throtigh  in 
a  given  time,  e.  g.  the  first  second,  should  be  es  peri  mentally 
determiued ;  in  like  manner,  the  solution  of  the  equations 
subsisting  between  fuUiug-force  and  motion  on  tbe  one  band 
and  heal  on  tbfl  other,  requires  an  answer  to  the  question,  How 
great  is  the  quantity  of  heat  which  corresponds  to  a  given 
quantity  of  motion  or  falling-force?  For  instance,  wo  mnat 
ascertain  how  high  a  givun  weight  requires  to  be  raised  above 
the  ground  in  order  that  its  falling-force  may  bo  cqaivalent  to 
the  raising  of  the  temperature  of  an  equal  weight  of  water 
from  0°  to  1°  C,  The  ati<>mpt  to  show  that  such  an  equation 
is  the  expression  of  a  physical  truth  may  be  regarded  as  the 
BubstaQce  of  tlie  foregoing  remarks. 

"  By  applying  the_  principles  that  have  been  set  forth  to 
the  relations  subsisting  between  the  temperature  aad  the  vol- 
ume of  gaaea,  we  find  that  the  sinking  of  a  mercury  column 
by  which  a  goa  is  cotnpresaed  is  equivalent  ta  the  quantity  of 
teat  set  fire  by  tlie  compression  ;  and  hence  it  follows,  the 
ratio  between  the  capacity  for  heat  of  air  under  constant  press- 
ure and  its  capacity  under  constant  volmne  being  taken  as 
^1'421,  that  the  warming  of  a  given  weight  of  water  from 
0°  to  1°  C.  corresponds  to  the  fall  of  an  equal  weight  from 
the  height  of  about  365  metres." 

It  is  plain  that  the  expression  "  equivalent"  is  here  used 
in  quite  a  different  sense  &om  what  it  bears  in  chemistry. 
The  difference  will  be  shown  moat  distinctly  by  an  example. 
When  the  same  weight  of  potash  ia  neutralized,  flrst,  with 
Bolphuric  acid,  then  with  nitric  acid,  the  numbers  which  ex- 
press the  ratio  which  the  absolute  weights  of  these  three  sub- 
stances  bear  to  onj  another  are  caUed  their  equivalents ;  but 
there  is  no  thought  here  either  of  the  quantitative  equality  or 
of  the  transformation  of  the  bodies  in  question. 

This  peculiar  aignificalion  wbidi  tbe  word  "  equivalent' 
baa  acquired  in  chemistry,  is  doubtless  connected  with  the 
it  that  the  chemist  has  been  able  to  determine  thn 
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his  investigaliott  by  a  common  quantitative  standard,  their  ftb- 
eolute  weigbta.  Injt  U3  suppose,  however,  that  we  could  de- 
termine one  hody,  for  instance  water,  only  by  weight,  and 
onoElier,  water-forming  or  erploaive  gas,  only  by  Tolume,  and 
that  we  had  agreed  to  choose  one  pound  as  the  unit  of  weight, 
and  one  cubic  foot  as  the  unit  of  Tolmne  ;  we  should  thoa  have 
to  aecertain  how  many  cubic  feet  of  explosive  gas  could  be  ob- 
tained from  one  pound  of  walfir,  and  conversely.  This  sum 
ber,  without  which  neither  the  formation  nor  the  decompou- 
tion  of  water  could  bo  made  the  subject  of  calculation,  might 
then  he  suitably  called  "  llie  explosive-gas  equivalent  of 

Id  this  latter  sense  a  raised  weight  might,  in  accordanoo 
with  the  known  laws  of  mechanics,  be  called  the  '*  equiva- 
lent ".  of  the  motion  resulting  &om  its  fall.  Now,  in  »rd(5r  to 
compare  these  two  objects,  the  raised  and  the  moving  weight, 
which  admit  of  no  common  measure,  we  require  that  con- 
stant number  which  is  generally  denoted  by  g.  This  number, 
however,  and  the  mechanical  equivalent  of  heat,  whereby  the 
relation  subsisting  between  heat  and  motion  is  defined,  behmg 
bolh  of  them  to  one  and  the  same  category  of  ideas. 

~Ss,  the  paper  that  I  have  mentioned  it  is  further  ehown 
how  we  may  arrive  at  such  a  conception  of  force  aa  admits- 
uf  being  conaist^ntly  followed  to  its  consequences  and  is  sci- 
entifically tenable ;  and  the  importance  of  this  subject  induces 
ue  to  return  to  it  again  here. 

The  word  "  force"  {KTafi)  is  used  in  the  higher  or  eciett* 
*   tific  mechanics  in  two  distinct  senses. 

I.  On  the  one  hand,  it  denotes  every  push  or  pull,  every 
effort  of  aa  inert  body  to  'jhange  its  state  of  rest  or  of 
tion ;  and  this  effort,  when  it  is  considered  alone  and  apart 
from  the  result  produced,  is  called  "  pushing  force,"  "  pnlling 
force,"  or  shortly  "  force,!'  and  abo,  in  order  to  distingniiA 
between  tliis  and  the  following  conception,  "  dead  force  "  (nil 
morlua). 
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H.  On  the  other  hand,  the  procluct  of  the  preaaaro  into 
•(ho  space  through  which  it  acta,  or,  again,  the  product — or 
half-product — of  the  mass  into  the  square  of  the  velocity,  is 
named  "  force."  In  order  that  motion  may  actually  occur,  it 
is  in  fact  necessary  that  the  mnas,  whatovor  it  may  be,  sliould 
under  the  influence  of  a  pressure,  and,  in  the  direction  of  that 
pressure,  traverse  a  certain  space,  "  the  efFective  Bpaco" 
(  Wirkungsraum)  :  and  in  thia  case  a  magnitude  which  ia  pro* 
portional  to  the  "  pushing  force  "  ajirf  to  the  effective  apace, 
likewise  receives  the  name  "  force  j "  but  to  distingnisli  it 
&wn  the  mere  pushing  force,  by  which  alone  motion  ia  never 
actually  brought  about,  it  b  also  called  the  "  vis  viva  of  mo- 
tion," or  "  moving  force." 

With  the  generic  conception  of  "  force,"  the  higher  mo- 
chanics,  as  an  easenlially  analytic  acience,  is  not,  concerned. 
In  order  to  arrive  at  it,  we  most,  according  ia  the  general 
rnle,  collect  together  the  characters  possessed  in  common  by 
the  several  species.  As  is  well  known,  the  deflnition  eo  ob- 
tained  runa  thua — *'  Force  is  every  thing  which  brings  about 
or  tends  to  bring  about,  altera  or  tends  to  alter  motion." 

Thia  deflnition,  however,  it  is  eaay  to  aee,  is  tautological ; 
for  the  last  fbnrteen  words  of  It  might  be  omitted,  and  thu 
sense  would  be  still  the  same. 

This  erroneous  solution  ia  occasioned  by  the  natiir^of  tlio 
problem,  which  requires  an  imposBibility.  Mere  prcMture 
(dead  force)  and  tlie  product  of  the  prcaeuru  int/i  tlio  ufleclivu 
space  (living  force)  are  niaf:nitudes  too  ttiornuf^y  unlike  to 
be  by  possibility  combineil  into  a  generic  conception.  I'rt^M- 
nre  or  attraction  is,  in  the  theory  of  mvlior),  what  itftinity  i« 
in  chemistry — an  abstract  coit>xption :  living  force,  lika  mat- 
ter, is  coneret*  ;  and  these  two  kindv  of  jljrce,  Itowttver  cloMly 
connected  in  the  region  of  tlut  a«socintioi)  of  Idcna,  are  ill 
reality  so  widely  separated  that  a  franw  which  Mlinnld  luk* 
them  both  in  must  be  able  to  iodude  the  whole  world. 
I   Hiere  are  several  coniwivalih^  ways  of  ifucMjiiug  from  tli* 
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difficulty.  For  inatanee,  jasl  as  wc  speak  of  absolatc  wd^, 
ai>««ific  weight,  and  eombiaing  weight,  withoat  iu  ercr  eater 
iflg  any  one's  bead  lo  want  to  t-onstmct  a  geacrie  idea  out  of 
these  distinct  Dotiuns,  so  two  or  more  meanings  may  be  atr 
Inched  to  the  word  force.  Thi^  is  what  is  actually  done  to 
the  higher  mechanica,  ati^  hence  in  this  branch  of  science  wa 
meet  with  no  mention  of  a  generic  conception  of  "  force." 

There  has  been  oo  lack  of  recommcndatioDs  to  carry,  in 
like  manner,  the  notions  of  "  dead  "  and  "  living  force "  as 
distinct  and  separate  Uirough  the  other  departments  of  sci- 
ence ;  it  has,  however,  been  found  impossible  to  put  in  nrac 
tice  such  recommendatJoDS ;  for  the  use  of  ambiguoua  ex 
preaslona,  which  can  in  no  case  contribute  any  thing  to  dear. 
nees,  la  altogether  iaadmissible  if  eonliision  can  possibly  arise. 
lit  is  true  that  the  mathematician  is  in  no  danger  of  confonnd- 
his  calculations  a  product  with, one  of  its  factors  ;  but 
in  other  departmenta  of  knowledge  a  systematic  confiiaion  of 
ideas  exists  on.  this  point ;  and  if  any  thing  is  to  be  doiie 
i,  toward  clearing  it  up,  the  source  of  the  error  must  be  slopped  j 

I  for  if  we  once  recognize  two  meanings  of  the  word  "  force," 
it  woidd  be  the  labour  of  Sisyphus  to  try  to  distingoiah  be- 
tween them  in  each  separate  case.  In  order,  then,  to  arrive 
at  any  residt,  wo  must  make  up  our  minds  to  do  ivithout  any 
common  denomination  of  the  magnitudes  mentioned  above, 
as  I.  and  II.,  and  either  to  give  up  the  use  of  the  word 
**  force  "  altogether,  or  lo  employ  it  for  one  only  of  these  two 
categories. 
The  notion  of  fon^  was  consistently  employed  in  the  lat- 
ter sense  by  Kewlon.  In  solving  his  problems,  he  decout* 
poses  the  product  of  the  attraet'on  into  the  elttctive  spMO 
into  its  two  factors,  and  calls  the  former  by  tlie  name  "foKA." 
As  an  objection  to  tliis  mode  of  prococding,  it  mnst,  how^. 
«Ter,  bo  remarked  that  in  many  cases  it  is  not  possible  thna 
to  decompose  the  prodnct  in  question.  Let  us  tuke,  ibr  it>- 
•Unce,  tlte  tbltowiog  vi^  eimplt!  case ;  a  mass  M,  originnlly 
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s  caused  to  move  with  the  (uniform  final)  vplority  c/ 
from  the  knowledge  of  the  magnitudes  M  and  c  it  is  certainly 
possible  to  deduce  the  value  of  the  product  of  the  force  (ia 
Newton's  sense)  into  its  efFeetlve  space,  but  we  are  not  therehy 
enabled  to  conclude  as  to  the  magnitude  of  this  force  itself. 

As  a  matter  of  fact,  the  necessity  soon  made  itself  felt  of 

treating  and  naming  this  product  as  a  whole.     It  also  has 

been  called  "force,"  and  tlie  expressions  "vis  uiu a  of  motion," 

j  "moving force,"  "working force,"  '"horse-power"  (orforce), 

"  muscular  force,"  &c,,  have  been  long  naturalized  in  science. 

'  However  happy  we   may,  in  many  respects,  think  the 

choice  of  this  word,  there  is  still  the  objection  that  a  new 

meaning  has  been  fixed  upon  an  already  existing  technical 

expression,  without  the  old  one  having  been  called  in  from, 

circulation  at  the  same  time.     Tliis  formal  error  has  become 

j.  a  Pandora's  box,  whence  hae  sprung  a  Babylonian  confusion 

^^^^[rf  tongues. 

^^IP       Under  existing  circumstances  no  choice  ia  left  us  but  to 

^^^Klrithdraw  the  t«rm  "  force  "  either  from  Newton's  dead  force 

^^^^bv  from  Leibnitz's  living  force  ;  but  ia  either  ease  we  come 

^^^Hbto   conflict  with  prevailing   usage.     Bat  if  once  we   have 

^^^Hnade  up  oar  minds  to  introduce  into  our  science  a  logically 

^^^^  ttccorate  use  of  terms,  even  at  the  cost  of  existing  expressions 

which  have  become  easy  and  pleasant  to  us  by  long  usage,  we 

cannot  long  hesitate  in  the  choice  we  have  to  make  between 

the  conceptioua  I.  and  U, 

Let  us  consider  the  elementary  case  of  a  mass,  originaUy 
at  rest,  which  receives  motion :  this  happens,  as  has  been  al- 
ready said,  by  the  mass  being  subjected  to  a  certain  push  or 
pull  mider  the  influence  of  which  it  traverses  a  certain  space, 
the  effective  space.  Now,  ho"wevBr,  both  the  velocity  and 
also  the  intensity  of  the  push  (Newton's  force)  always  vary 
t  every  point  of  the  effective  space  ;  and  in  order  to  m.ul- 
fcly  these  variable  magnitudes  into  effective  space,  that  is, 
f  deduce  the  quantity  of  motion  from  the  intensity  of  tha 
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pushing  force,  we  must  call  in  the  lud  of  Uio  Jdgkej  mathe- 
matics. 

But  tience  it  follows  that,  except  in  statics,  where  tlie  et 
foctivc  space  is  ttouj|ht  and  the  pressure  constant,  the  New- 
tuuian  conception  of  force  is  av^lable  only  in  the  higher 
branches  of  mechanics  ;  and  it  is  plainly  not  advisable  90  to 
clioose  our  conception  of  "  force  "  that  it  cannot  be  consist 
enily  employed  in  that  branch  (namely,  the  elementary  parbB 
of  tlie  theory  of  motion)  which  of  all  others  is  chiefiy  con- 
cerned with  fundamental  notions. 

however,  a  totally  mistaken  method  to  try  to  adapt 
the  idea  of  a  forte,  such  as  gravity,  conceived  in  Newton's 
the  elementary  parts  of  science,  by  leaving  out  of 
consideration  one  of  its  most  important  properties,  namely  ila 
dependence  on  distance,  and  to  make  a  "  force  "  out  of  Gali- 
leo's gravity  thus  inexactly  and  in  some  relations  most  incor- 
rectly conceived.  Some  sucli  ideal  force  (No,  III,)  seems 
to  hover  before  the  minds  of  most  writore  on  natural  BCience 
as  the  original  type  of  a  "force  of  nature." 

Such  quanlilative  determinations  as  hold  good  only  ap- 
>ximal«ly  and  under  certain  conditions  ought  never  to  be 
employed  to  establish  definitions.  In  a  calculation,  it  is  true, 
we  may  correctly  enough  take  an  arc,  which  is  sufficiently 
smidl  in  comparison  with  the  radius,  as  equal  in  size  to  the 
Bine  or  to  the  tangent ;  but  if  we  attempted  to  use  such  a  rela> 
tion  in  settling  first  principles,  wo  should  lay  a  foundation  for 
fallacies  and  errors. 

The  Newtonian  idea  of  force,  however,  transplanted  in 
the  manner  that  is  commonly  done  into  the  region  of  element- 
ary science,  is  no  whit  better  than  the  notion  of  a  straight 
curve.  Newton's  force,  or  attraction,  in  specie  gravity,  g,  la 
equal  to  the  differential  qnotient  of  the  velocity  by  the  time ; 

that  is,  g=—/'     This  expression  is  quite  exact,  but  in  order  lo 

I  suderstand  and  apply  it  a  knowledge  of  the  lu'ghcr  mallicmat- 
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ics  is  required.  On  tlte  other  hand,  it  ia  quite  iTiie  that,  90 
loug  as  we  have  to  do  only  with  casea  in  which  the  apuue 
tallen  through  ia  so  smaU  in  comparison  with  the  earth'a  aemi 
diameter  that  it  may  be  disregarded,  the  equation  just  given 

may  be  abbreviated  into  the  very  convenient  form  5—1  with- 

ont  any  considerable  error ;  but  this  expression  can  never  be 
mathematically  exact  so  long  as  the  space  fallen  through  haa 
any  calculable  magnitade.  But  on  the  streogth  of  an  equa- 
tion thus  radically  inaccuralo,  there  are  planted  in  the  recep 
tire  mind  of  youth  such  false  notions  as — tliat  gravity  ie  a 
miiformly  acceterftting  ( ?)  force,  a  moving  (  ?)  force  whose  ac- 
tion ia  proportional  to  Ihe  time  (  ?)  ;  that  force  is  directly  pro- 
portional (_  ?)  to  the  velocity  produced ;  and  many  other  like 

It  would  certainly  be  a  ^eat  merit  if  authors  of  treatises 
on  physics  would  help  to  remedy  this  state  of  things,  and  in 
framing  their  definitions  would  start  only  from  thoroughly 
exact  determinations  of  magnitudes ;  for  elementary  physics 
in  its  present  form,  instead  of  being  a  well-grounded  science, 
is  only  a  sort  of  half-knowledge,  such  that  on  passing  to  the 
higher  and  sirictly  scientific  departments  tlie  student  must 
try  to  forget  its  principles  and  theorems  as  quickly  as  he  can. 

If  we  have  once  convinced  ourselves  by  unprejudiced 
esaim'nation  that  the  retention,  under  that  name,  of  the  con- 
ception of  force  distinguished  above  by  I,  haa  nothing  hut  its 
origin  to  recommend  it,  but  much  to  condemn  it,  the  rest  fol- 
lows almost  Bpontaucously.  It  accords  with  the  laws  of 
thonght,  as  well  as  with  the  commou  usage  of  language,  tu 
connect  every  production  of  motion  with  an  eiKpsudiluTe  of 
force.     Hence  "foj'ce"  is — 

Somelhijig  tchivh  is  expended  i/a  producing  motion ;  uiiil 
this  something  which  is  expended  is  to  he  looked  upon  as  h 
eauae  equivalent  to  the  eflect,  namely,  to  the  motion  pro 
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his  inyestigation  by  a  common  qnantitatiye  standard,  their  ab- 
solute weights.  Let  us  suppose,  however,  that  we  could  de- 
termine one  body,  for  instance  water,  only  by  weight,  and 
another,  water-forming  or  explosive  gas,  only  by  volume,  and 
that  we  had  agreed  to  choose  one  pound  as  the  imit  of  weight, 
and  one  cubic  foot  as  the  unit  of  volume ;  we  should  then  have 
to  ascertain  how  many  cubic  feet  of  explosive  gas  could  be  ob- 
tained from  one  pound  of  water,  and  conversely.  This  num 
ber,  without  which  neither  the  formation  nor  the  decomposi* 
tion  of  water  could  be  made  the  subject  of  calculation,  might 
then  be  suitably  called  ^^  the  explosive-gas  equivalent  of  wa- 
ter." 

In  this  latter  sense  a  raised  weight  might,  in  accordance 
with  the  known  laws  of  mechanics,  be^  called  the  "  eqmva* 
lent ".  of  the  motion  resulting  from  its  fall.  Now,  in  order  to 
compare  these  two  objects,  the  raised  and  the  moving  weight, 
which  admit  of  no  common  measure,  we  require  that  con- 
stant number  which  is  generally  denoted  by  g.  This  number, 
however,  and  the  mechanical  equivalent  of  heat,  whereby  the 
relation  subsisting  between  heat  and  motion  is  defined,  belong 
both  of  them  to  one  and  the  same  category  of  ideas. 

In  the  paper  that  I  have  mentioned  it  is  further  shown 
how  we  may  arrive  at  such  a  conception  of  force  as  admits 
of  being  consistently  followed  to  its  consequences  and  is  sci-* 
entifically  tenable ;  and  the  importance  of  this  subject  induces 
me  to  return  to  it  again  here. 

The  word  "  force  "  {Kraft)  is  used  in  the  higher  or  scien- 
tific mechanics  in  two  distinct  senses. 

I.  On  the  one  hand,  it  denotes  every  push  or  pull,  every 
effort  of  an  inert  body  to  change  its  state  of  rest  or  of  mo- 
tion ;  and  this  efibrt,  when  it  is  considered  alone  and  apart 
from  the  result  produced,  is  called  **  pushing  force,"  "  pulling 
force,"  or  shortly  "  force,"  and  also,  in  order  to  distinguish 
between  this  and  the  following  conception,  "  dead  force  "  {vu 
mortua). 
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I,  and  opposes  u  certain  rcBistancc  to  tfae  reduction  of 
the  corapoirad ;  but  its  power  of  perfommnco  {Leistrnigs' 
/ShigkeU)  is  at  aa  end  as  soon  as  there  ia  no  further  available 
ialling-space. 

Whenever  the  attractioa  becomes  indefinitely  small,  or 
«eaBeB  altogether,  space  is  no  longer  effective  space  ;  and  ihiia 
it  follows,  from  the  diminution  which  gravity  undergoes  with 
distance,  that  faHing-space  is  limited  in  the  centrifugal  direc- 
tion also,  and  hence  that  the  cause  of  motion  or  "  force  "  ia, 
under  all  circamstances,  a  finite  magnitude  which  becomes 
exhausted  in  producing  its  effect. 

This  fundamental  physical  truth  will  be  most  easily  per- 
ceived when  applied  to  a  special  case  and  reduced  to  figures. 
When  a  pound  weight  is  lifted  one  foot  from  the  ground,  the 
available  force  ia,  as  every  one  knows,  =one  foot-pound.  If 
the  &lling-height  of  this  weight  am.oant8  to  n  feet,  n  not  be- 
ing a  large  number,  the  force  may  be  taken  as  approsiniately 
=^n  foot-pounds.  But  supposing  n,  or  the  original  distance 
of  the  weight  from  the  earth,  to  be  very  considerable,  or  in- 
deed infinite,  the  force  (that  is,  the  niunber  of  foot-pounds) 
does  not  by  any  means  thereby  become  infinite,  but,  according 
to  Newtoo's  law  of  gravitation,  it  becomes  at  iflost  ^^r  fool- 
pounds,  where  r  is  the  number  of  feet  contained  in  the  earth's 
aemidiametcr.  Thus  how  great  soever  the  distance  through 
which  a  weight  falls  against  the  earth,  or  the  time  occupied 
by  its  fall  may  be,  it  can  acquire  no  higher  final  velocity  than 
34,450  Paris  feet  per  second.  On  the  other  hand,  were  the 
mass  of  the  earth  fgur  tiroes  as  great  as  it  is,  its  bulk  remain- 
ing the  same,  the  force  would  likewise  become  four  times  aa 
great,  and  the  maximum  velocity  would  be  68,900  feet. 

It  is  one  of  the  essentials  of  a  good  tcrmiaology  that  it 
should  put  fundamental  facts  of  this  kind  in  a  clear  light ; 
exactly  ilie  opposite,  however,  is  done  by  the  uoiuenclatnre  at 
preaeut  in  use.     A  few  expressiona,  employed  by  a  veiy  meri 
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torious  Daturallst  ia  combating  my  views,  may  serve  to  sop* 
port  tliis  assertion, 

"  Although,"  he  says,  '■'  it  ia  quite  true  that  in  nature  no 
motion  can  be  anmlulated,  or  that,  as  it  is  commonly  ex- 
pressed, the  quantity  of  motion  once  in  existence  continues 
nnceosingly  and  without  any  lessening,  and  allbough  in  thia 
eeuBB  the  cliwacter  of  indestructibility  belongs  to  every  prox- 
imate canae  even,  every  primary  cause,  that  is,  every  true 
physical  force,  possesses  the  additional  charocleristic  of  being- 
inexhanstiblc.  These  characteristics  will  best  admit  of  being 
unfolded  by  the  closer  consideration  of  gravity,  the  most 
active  and  widely  diftused  of  the  satui^  forces  (prim&rjr 
causes),  which,  as  it  were  the  soul -of  the  world,  indestructi- 
bly and  inexhaustibly  upholds  the  life  of  those  great  masaea 
on  whose  motions  depends  the  order  of  the  uuiverae,  while 
requiring  no  food  from  without  to  call  forth  its  ever  renewed 
activity." 

If  these  words  are  intended  to  contain  a  material  contn^ 
diction  of  IliQ  views  I  have  put  forward,  they  must  be  meant 
to  imply  that,  by  virtue  of  its  being  inexhaustible,  the  attract- 
power  of  the  earth  must  be  capable  of  imparting  to  a  fall- 
weight,  under  certain  conceivable  circumstances,  an  infin- 
ite velocity.  But  our  author  himself  ia  several  places  let*  us 
Bee  tliat  he  has  a  (quite  well-founded)  mistrust  of  any  so  de- 
cido<l  a  conclusion :  this  is  shown  in  tlic  follondng,  among 
other  passages :  "  If  we  follow  up  the  chain  of  causes  and 
effects  to  Its  first  bc^nniags,  we  come  at  length  to  the  tme 
forces  of  nature,  to  those  primary  causes  whose  activity  does 
not  require  that  they  should  be  preceded  by  any  others,  which 
ask  for  no  nourishment,  but  which  can  ever  call  forth  new 
motions,  as  it  were,'  out  of  an  inexhaustible  soil,  and  can 
uphold  and  quicken  those  that  are  aheady  in  being." 

Again :  "  If  the  moon  every  moment  falls,  at  least  vir- 
tnally,  a  certain  distance  toward  the  earth,  what  is  the  forctt 
which  the  next  moment  pulls  it  away  again,  as  it  were,  in 
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>  give  rise  to  a  new  falling  force?  It  is  precisely  its 
indestructibility  and  inexhauatibility,  its  power  at  all  tinies 
anil  nnder  all  circumataneea  to  bring  about  witliont  ceasing, 
at  least  virtually,  tbe  same  effects,  tliat  is  the  essence  of  every 
true  force  or  primary  cause." 

This  "  as  it  were  "  aad  "  at  least  virtually,"  which  always 
slips  in  al  the  eritieal  moment,  afforJs  room  for  the  suspicion 
that  our  author  ia  himself  not  quite  confident  of  the  power 
of  hia  "  true  natural  causes  "  to  give  rise  to  an  inexhaustible 
amount  of  motion  (of  actual  exertion  of  force)  ;  and  the  in- 
definiteneas  of  these  expressions  is  quite  characteristic  of  the 
I*rotean  part  which  the  force  of  gravity  plays  in  writings  on 
natural  science.  The  most  arbitrary  explanations  are  given 
of  this  word,  and  then,  when  facts  no  longer  admit  of  any 
thing  else,  a  retreat  ia  sought  in  the  Newtonian  conception. 

Gravity  being  called  a  force,  and  at  the  same  time  the 
term  force  being  connected,  in  accordance  with  the  common 
use  of  language,  with  the  conception  of  an  object  capable  of 
producing  motion,  leads  to  the  false  assumption  that  a  me- 
chanical effect  (the  producliou  of  motion)  can  be  produced 
without  a  corresponding  expenditure  of  a  measurable  object ; 
and  here  is  likewise  plainly  the  reason  why  our  ffQthor  could 
neither  keep  clear  in  his  facts  nor  consistent  in  his  reasoning. 
If  once  the  production  of  motion  out  of  nothing  is  granted, 
the  annihUation  of  motion  must  aisc  be  admitted  as  a  conse- 
quence ;  and  the  magnitude  of  motion  must,  m  accordance 
with  this  assumption,  be  simply  proportional  to  the  velocity, 
or  =^Mc,  and  the  "  quantity  of  motion  once  in  exislencii " 
most  be  =+Jfc — Mc=.0.  But  notwithstanding  his  "inex- 
haustible forces,"  the  writer  leferrod  to  ex^iressly  declares 
tliat  motion  is  indestructible  ;  uux,  instead  of  slating  his  opin- 
ion as  to  what  becomes  of  motion  which  disappears  by  frio- 
fion,  he  says  in  another  place  again  that  it  remains  "  unde- 
cided "  whether  the  effect  of  a  force  (the  amount  of  motion 
produced   by  it)   is   measured   by  the   first   or   by  the   second 
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powur  of  the  velodly  (that  ie,  whether  it  is  or  is  not  de- 
Btruetibte)  :  he  even  appears,  from  repealed  expressions,  to 
hold  it  posailile  that  a  given  quantity  of  heat  can  produce  mo* 
tiou  ad  iitjiiiitum  !  If  sDch  were  the  case,  it  would  certj 
be  useless  to  sonsider  the  convertibility  of  these  nu 
tudes  I  the  ground  woidd  nither  hare  been  won  for  die  cch 
theory. 

The  polemics  of  my  respected  critic,  whom  I  haTe  her© 
tntroduced  as  the  representative  and  spokesman  of  prevailiDg 
-views,  and  to  whom  I  feel  that  my  sincere  thanks  are  due  i<a 
his  attentive  examination  of  my  first  publication,  appear  to 
me  to  be  necessarily  without  result,  inasmuch  as  the  first 
problem  in  combating  my  assertions,  which  aU  revolve  tiboat 
the  one  point  of  an  invariable  quanlitalive  relation  between 
heat  and  motion,  mnst  be  to  tind  out  that  this  relation  it 
riable,  and  in  what  cases.  JFonnal  controversy  without  a 
material  basis  is  only  beating  the  air ;  and  as  to  what  relataa 
specially  to  the  questions  about  force,  llie  first  point  to  coo* 
sider  is,  not  what  sort  of  thing  a  "force"  is,  hut  to  what 
thing  we  shall  give  the  name  "  force."  Backwards  aud  foiv 
wards  talk  about  gravity  is  fruitless,  since  all  who  nnderstand 
the  matter  are  agreed  as  to  its  nature ;  for  gravity  is  and  i 
~  mains  a  differential  quotient  of  the  velocity  by  the  time,  di> 
renlly  proportional  to  the  attracting  mass,  and  inversely  pro-. 
portional  to  the  square  of  the  distance  :  on  this  point  a  final 
decision  was  come  to  long  ago  But  whether  it  is  cxpedieot 
to  call  this  magnitade  a  force  is  quite  another  question. 

Since,  whenever  an  innovation  of  esBcntial  importance  i 
proposed,  the  public  is  so  ready  to  misapprehend,  I  will  hers 
state  once  more,  as  clearly  as  I  can,  my  reasons  for  sa 
that  "  the  force  of  grarily  "  is  an  improper  expression. 

It  is  an  unassailable  truth  that  the  production  of  every 
fading  motion  is  connected  with  a  corresponding  expenditora 
of  a  measurable  magnitude.  This  magnitude,  if  it  is  to  bS' 
made  an  object  of  scientific  invealigation  (and  why  should  it 
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)t?))  muBt  have  a  name  glvea  to  it ;  and  in  accorilanci;  with 
the  logical  instinct  of  man,  as  maolieated  in  tLe  genius  of  Ian* 
guage,  no  other  name  can  be  here  chosen  than  the  word 
"  force."  But  since  this  expression  is  tdready  used  in  a  quite 
different  sense,  we  might  be  tempted  to  create  for  the  concep- 
tion which  is  aa  yet — in  the  fundamental  parts  of  science  at 
least — nnnamed  an  entirely  new  name.  But  before  betaking 
ourselves  to  this  extreme  course,  wlijch  for  reasons  that  ara 
not  far  lo  seek  would  be  the  one  whereby  we  should  be 
brought  most  into  conflict  with  existing  usage,  it  is  reasonable 
to  iaquire  whether  the  word  "  force,"  which  in  itself  answers 
BO  well  to  the  requii'cmciita  of  tlie  case,  is  in  its  right  place 
where  it  was  first  put  by  the  schools. 

According  to  the  common  custom  of  speech,  we  under- 
slanil  by  "  force  "  something  moving — a  cause  of  motion  ;  and 
if,  on  the  one  hand,  the  expression  "moving  force"  is  for 
this  reason,  strictly  speaking,  a  pleonasm,"  the  notion  of  a  not 
moving  or  "dead"  force  is,  on  the  other  hand,  a  coittradietio 
in  adjecto.  If  it  be  said,  for  instance,  that  a  load  which 
presses  with  its  weight  on  the  ground  exerts  thereby  a  force — 
a  force  which,  thoagh.  never  so  great,  is  unable  of  itself  to 
bring  about  the  smallest  movement — the  mode  of  conception 
and  of  expression  is  quite  Justified  by  scholastic  usage,  but  it 
is  so  far-fetched  that  it  becomes  the  source  of  unnumbered 
misapprehenaions . 

Between  gravity  and  the  force  of  gravity  there  is,  so  far 
as  I  know,  no  difference ;  and  hence  I  consider  the  second 
expression  unscientific,  inasmuch  aa  it  is  tautological. 

Let  it  not  be  objected  that  the  "  force"  of  pressure,  the 
"  force "  of  gravity,  cohesive  "  force,"  &c.,  are  the  higher 
causes  of  pressure,  gravity,  and  the  like.  The  exact  sciences 
are  concerned  with  pheuomeaa  and  measurable  quantities. 
The  first  cause  of  things  is  Deity — a  Beiug  ever  inscrutable 
by  the  intellect  of  man ;  while  "  higher  causes,"  "  supersen- 

la  forces,"  and  the  rest,  with  all  their  consequences,  be- 
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long  to  the  dtjiusive  middle  regioa  of  naturalistic  pliilosophj: 
ftHcl  mysticism. 

By  a  law  that  is  ttniversally  true,  wasl«  and  want  go  ban^ 
in  hand.  If  to  the  case  before  ns,  where  this  rule  likewise 
meets  with  coniuTnation,  we  apply  an  equalizing  process,  and 
take  away  the  word  "  force  "  from  tlie  connection  in  which  i( 
ie  superfluous  and  hurtful,  and  bring  it  to  where  we 
want  of  it,  we  get  rid  at  one  time  of  two  important  obstaclea. 
The  higher  nuatliematicB  at  once  cease  to  be  required  in  ordez 
to  gain  admittance  into  the  theory  of  motion :  nature  presents 
horself  In  simple  beauty  before  the  astonished  eye,  and  even 
the.  less  gif)«d  may  now  behold  many  things  which  hithertoi 
were  concealed  &om  the  most  learned  philosophers. 

Force  and  matter  are  iDdestructible  objects.  This  law,  ta 
which  individual  facts  may  most  simply  be  referred,  and 
which  therefore  I  might  figuratively  call  the  heliocentric  stand* 
point,  constitutes  a  natural  basis  for  physics,  cbemistry,  phy»* 
iology,  and  philosophy. 

Among  the  facts  whicli,  though  known,  have  been  hith- 
erto only  empirically  established  and  have  remained  isolated^ 
but  which  cun'  be  easily  referred  to  tliis  natural  law,  is  the 
that  electric  and  magnetic  attraction  cannot  be  isolated  any 
more  than  gravity,  or  that  the  strength  of  this  attraction 
undei^oes  no  alteration,  so  long  as  the  distance  remains  th» 
same,  by  the  intervening  of  indliferent  aubstauces  (non-con* 
ductors). 

\mtintr  facta  which  have  remained  unknown  up  to  the 
most  recent  times,  I  will  refer  only  to  the  influence  which  Ui9 
ebb  and  flow  of  the  tide  exerts,  in  accordance  with  the  known 
laws  of  mechaQic!<,  on  tbe  motion  of  the  earth  about  its  axia.' 
A  fact  of  such  importaace,  standing,  as  it  does,  in  close 
tion  with  the  fumlnmcnlal  law  just  slated,  having  been  able 
to  escape  the  attuuLioQ  of  naturalists,  is  of  ilseli'  a  proof  thai 
the  prevailing  sy.'itc:!]  has  no  exclmive  title. 

For  the  rc.^  it  will  not  have  escaped  those  who  are  no* 
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luted  with  (he  modern  literature  of  scieace  that  a  modifi- 
catioa  of  seiealiiic  language  in  the  sense  of  my  views  is  act- 
nally  beginning  to  take  place.  But  in  matters  of  this  kind 
the  chief  part  of  the  work  must  be  left  to  lima. 

According  to  what  Jias  been  said  thus  far,  the  i;is  viva  of 
motion  must  bo  called  a  force.  Bnt  srace  the  cxprcsaion  'jm 
viva  denotes  in  mechanics^  not  only  a  magnitude  which  is 
proportional  to  the  mass  and  to  the  square  of  its  veloci^,  but 
also  one  whieh  is  proportional  to  the  mass  and  to  the  height 
from  which  it  has  fallen,  force  thus  conceived  naturally  di- 
■rides  itself  into  two  yery  easily  distinguished  species,  each  of 
■which  requires  a  distinct  technical  name,  for  which  the  words 
motion  (Bewegung)  and  /ailing-force  (^Fallkraft')  seem  to  me 
the  moat  appropriate.' 

Hence,  according  to  this  defiaition,  "motion"  is  always 
measured  by  the  prodnct  of  the  moved  mass  into  the  equate 
of  the  velocity,  never  by  the  product  of  the  mass  into  the 
velocity. 

By  "  falling-force  "  we  understand  a  raised  weight,  or  still 
more  generaUy,  a  distance  in  space  between  two  ponderable 

[•  The  distinction  here  drawn  hetwecn  "motion"  and  "falling-force" 
is  the  same  bs  that  made  bj  Helniliolta  {Dk  ErhaUung  dar  Krafl,  1847) 
butireen"«WMii»i"(fe6imrfijaK'o/Tf)and"tenaion"(.5iimtra/J).  The  Eng- 
lish eipressiooB  "  dynamical  enei^  "  and  "  statical  energy  "  VQre  used  by 
ProC  W.  Thomson  (PhiL  Uag.  a  yoL  ir.  p.  304,  1853)  ia  the  same  sense, 
but  were  afterwards  abandoned  by  him  in  favour  of  the  terms  "  actual  en- 
eigy "  and  "  potential  enei^  "  introduced  by  Prof.  Hankine.  More  re- 
oenUj{" Good  Words"  for  October,  1863)  Profesgora  Thomson  and  Tait 
haya  employed  the  eipreaaion  "kinetic  energy"  In  place  of  "  actual  ener- 
gy." The  Germau  wocil  Krafl  Id  lie  text  has  l)een  uniformly  tmualaled 
faree,  to  nhich  term  the  ambiguity  of  'diz  German  original  has  thus  been 
troDsfbrred.  This  ambiguity,  however,  may  be  avoided  in  English  by  al- 
lowing the  word  "  force  "  to  retain  the  meaning  which  it  bears  in  eommou 
language,  tiiat  is^  to  denote  all  rcBietoncca  which  it  requires  llie  eiertion  of 
a  paaer  ^a  overcome  (whence  the  espressiona  gravitating  force,  cobe^va 
foroe,  &J^),  andbj  u^og  the  word  "energy"  to  denote  forac  m  defined  by 
-G.  C.  F.] 
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bodies.  In  many  cases  falling-forco  is  meaSTired  with  a 
cient  accuracy  by  iJie  product  of  the  raised  weight  inft 
height ;  and  the  expreSBJons  "  loot-pound,"  "  kilogi 
metre,"  "  horse-power,"  and  maay  others,  are  conTentioM 
naits  for  the  measurement  of  this  ioj^po,  which  have  of 
come  into  general  use,  especially  in  practical  mechanics, 
in  order  to  find  the  exact  qnantitative  expression  for  the  ma^ 
nitade  in  question,  we  must  consider  (at  least)  two  masaes; 
existing  at  a  detenninale  distance  from  each  other,  which  s 
quire  motion  by  mutually  approaching ;  and  we  must  investt? 
gate  the  relation  which  exists  between  the  conditions  of  ths 
motion,  namely,  the  magnitude  of  the  masses  and  their  origJ 
inal  and  final  distance,  and  the  amount  of  motion  produced. 

It  very  remarkably  happens  that  this  relafioi 
pleat  conceivable  ;  for,  according  to  Newton's  law  of  gravity 
tion,  the  quantity  of  motion  produced  is  directly  proportionat 
to  the  masses  and  to  the  space  through  which  they  fall,  b 
inversely  proportional  to  the  distances  of  the  centres  of  gra* 
ity  of  the  masses  before  and  after  the  movement.  ThM  ii 
if  A  and  B  are  the  two  masses,  c  and  c'  the  velocities  whU 
they  respectively  acquire,  and  A  and  A'  their  original  aad  fi 
distances  apart,  wo  have 


s'+Bc'=  = 


A.B(A— A')  _ 
A.A'  ' 


or  in  words,  the  falling-force  w  eqtttU  to  the  product  of 
masaea  inlo  ike  space  fallen  through  divided  hy  the  iu>o 

By  help  of  this  theorem,  which,  as  will  be  easily  Been, 
nothing  but  a  more  general  and  convenient  expression  i 
Newton's  law  of  gravitation,*  the  laws  of  the  fall 


*  Newlan'g  formula  relates  to  the  patticalar  coae  in  which  the  two 
tanoea  (the  itiidnl  imd  Oie  fiuaJ  distance)  are  equal,  bo  that  Ihdr  pra 
becomes  a  e<iaare.    In  this  case,  haiTevGr,  both  the  space  fallen 
•nd  the  velocit;  become  nought ;  and  hence,  nben  Uua  exprca£ioQ  bM 
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from  cosroical  elevations,  and  also  the  general  laws  of  central 
motions,  can  be  developed  without  its  being  needful  to  employ 
equations  of  more  than  the  second  degree. 

Having  now  become  acquainted  with  two  species  of  force- 
motion  and  falling-force — ^we  can  arrive  at  a  conception  of  "  a 
force  *'  in  general,  according  to  the  well-known  rule,  by  col- 
lecting together  the  common  characteristics  of  the  two  spe- 
cies. To  this  end,  we  must  consider  the  properties  of  these 
objects  somewhat  more  closely.  Their  most  important  prpp- 
ertj  depends  on  their  mutual  relation.  Whenever  a  given 
quantity  of  falling  force  disappears,  motion  is  produced  ;  and 
by  the  expenditure  of  this  latter,  the  falling-force  can  be  re- 
produced in  its  original  amount. 

This  constant  proportion  which  exists  between  falling- 
force  and  piotion,  and  is  known  in  the  higher  mechanics  un- 
der the  name  of  ''  the  principle  of  the  conservation  of  vis 
viva"  may  be  shortly  and  fitly  denoted  by  the  term  " trans- 
formation'' {Umwandlung).  For  instance,  we  may  say  that 
a  planet,  in  passing  from  its  aphelion  to  its  perihelion,  trans- 
forms a  part  of  its  falling-force  into  motion,  and,  as  it  moves 
away  from  the  sun  again,  changes  a  part  of  its  motion  into 
falling-force.  In  using  the  word  "  transform "  in  this  sense, 
nothing  else  can  or  is  intended  to  be  expressed  but  a  constant 
numerical  ratio. 

But  it  follows  from  the  axiom  mentioned  at  page  326,  that 
the  production  of  a  definite  quantity  of  motion  from  a  given 
quantity  of  faUing-force,  and  vice  versd^  implies  that  neither 
falling-force  nor  motion  can  be  annihilated  either  totally  or  in 
part.     We  thus  obtain  the  following  definition : 

Farces  are  trans/ormdbhj  indestructible^  and  (in  contradis* 

be  taken  as  the  starting-point  for  the  calculation  of  real  velocities,  mathe* 
'matical  artifices  become  necessary  which  are  inadmisaible  in  the  elementary 
Iwandiesof  sdenca 
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tiactioa  from  matter)  imponderahle  oijeds.     (Conf.  paper  s 
ready  quoted,  pp.  328,  329.) 

It  is  easy  to  see  that  tkia  definition  embraces,  among  othez  J 
things,  the  fact  that  the  motion  which  disappears  in  mechtini*  J 
cal  processes  of  diifercnt  tinds  beoj's  a  constant  relation  toj 
the  heat  thereby  produced,  or  that  motion  is  convertible,  ( 
an  indestractible  magnitude,  into  heat.     Thus  heat  is,  like  n 
tion,  a  force  ;  and  motion,  like  heat,  an  imponderable. 


I  have  characterized  the  relation  which  i 
boar  to  one  another  by  saying  (Phil.  Mag.  S.  i,  vol.  : 
252)  that. they  are  "  diiTerent  forma  under  which  one  and  tliq 
same  object  makes  ita  appearaaco."  At  the  aame  time  ] 
have  expressly  guarded  myself  from  making  the  cerlainln^ 
plausible,  but  unproved,  and,  as  it  seems  to  me,  hazardous  do>« 
ductiou  that  thermal  phenomena  are  to  be  regarded  as  morelyl 
phenomena  of  motion.  The  following  is  what  I  said  upoo-fl 
this  point  (^loc.  cit.)  p.  376  : 

"  But  just  as  little  as  the  connection  between  falUng-forca  I 
and  motion  authorizes  the  conclusion  that  the  essence  of  fait- J 
ing-force  is  motion,  can  such  a  conclusion  be  adopted  i: 
case  of  heat.  We  are,  on  the  contrary,  rather  inclined  to  1 
infer  that  before  it  can  become  heat,  motion — whether  simplei^l 
or  vibratory  as  in  the  case  of  light  and  radiant  heat,  Ac- 
must  cease  to  exist  as  motion." 

The  relation  which,  as  we  have  seen,  sabsists  betwecmV 
heat  and  motion  Las  regard  to  quantity,  not  to  quality ;  for  1 
(to  borrow  the  words  of  Eaclid)  things  which  are  equal  to  J 
one  another  are  not  therefore  similar.  Let  us  beware  of  lea<^  1 
ing  the  solid  ground  of  the  objective,  if  we  would  not  entaiH  | 
gle  ourselves  in  difficulties  of  our  own  making. 

In  the  mean  time  it  at  least  results  from  the  foregoing<a 
considerations  that  the  phenomena  of  heat,  electricity,  aadfl 
magnetism  do  not  owe  their  existence  to  any  particular  flnidH  !j 
and  the  immateriality  of  heat,  aEserted  half  a  century  ago  j^ 
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□ford,  becomes,  through  the  discovery  of  its  mechanical 
equivalent,  a  certainty. 

The  form  of  force  denoted  by  the  name  "heat"  is  plainly 
not  single,  but  includes  several  distinct,  though  mutually 
equivalent,  objects,  three  principal  forms  of  which  are  distin- 
guished in  common  language :  namely,  I.  Radiant  Heat ;  II. 
Free  (sensible)  Heat,  Specific  Heat ;  and  HI.  Latent  Heat. 

There  con  be  no  doubt  that  radiant  heat  must  be  regarded 
as  a  phenomenon  of  motion,  especiallj'  since  the  recent  detec- 
tion of  phenomena  of  interference  in  the  radiation  of  heat. 
But  whether  there  really  exists,  aa  is  commonly  assumed,  a 
peculiar  aither,  of  which  the  vibratory  motion  is  perceived  by 
na  as  radiant  heat,  or  whether  the  seat  of  this  motion  'ia  the 
particles  of  material  bodies,  is  a  question  that  is  not  yet  made 
oat. 

Still  greater  obscurity  hangs  about  the  essential  nature  of 
specific  heat,  or  wiiat  goes  oa  in  the  interior  of  a  heated  body. 
Not  only  does  the  unanswered  question  of  tlie  oetlior  enter 
again  here,  but,  before  we  can  be  in  a  position  to  form  any 
clear  ideas  on  this  subject,  we  require  to  Lave  an  exact  knowl- 
edge of  the  interual  constitution  of  matter.  We  arc,  how- 
ever, still  far  from  having  reached  this  point ;  for,  in  particu- 
lar, we  do  not  know  whether  such  things  as  atoms  exist — that 
is,  whether  matter  consists  of  such  constituents  as  undergo  no 
iurther  change  of  form  in  chemical  processes. 

But  a  span  of  that  time  which  stretches  both  backwards 
and  forwards  into  eternity  is  meted  out  to  man  here  on  cai1h, 
and  the  space  which  his  loot  can  treaJ  is  narrowly  bounded 
above  and  below  :  so  also  his  scientific  kaowlcdge  finds  nat- 
ural limits  in  the  direction  of  the  infinitely  small  as  well  as  of 
the  infinitely  great.  The  question  of  atoms  seems  to  me  to 
lead  beyond  these  lunits,  and  hence  I  consider  it  unpractical. 
An  atom  tn  itself  can  no  more  become  an  object  of  our  inves- 
tigation than  a  differential,  notwithstanding  that  the  ratio 
l^wh  Boch  immensely  small  auxiliary  maguitudes  bear  to 
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one  another  may  be  represented  by  concrete  numberB.  Di 
every  ease,  however,  the  conception  of  an  atom  must  be 
garded  as  merely  relative,  and  muat  be  considered  in  connec- 
tion with  some  definite  process ;  for,  aa  is  well  known, 
particles  of  an  acid  and  base  may  play  the  part  of  atoms  in 
the  tbrniation  and  decompOBitioD  of  a  salt,  while  in  another 
process  these' atoms  may  themselves  imdergo  further  di 

But  assuming  that,  in  a  c^hemical  sense,  atoms  have  a  real 
existence— i-an  assumption  which,  among  other  things,  the 
laws  of  isomorphism  cerlaioly  render  probable — the  further 
question  arises  whether,  by  the  continued  division  of  matter, 
WB  can  at  last  arrive  at  molecules  which  are  atoms  in  relation 
to  the  phenomena  of  heat,  such  that  heat  cannot  penetrate  to 
their  interior,  and  such  that,  when  the  whole  mass  is  heated, 
they  for  their  parts  undergo  ao  increase  of  bullc.  But  since 
we  are  unable  to  grapple  with  such  preliminary  questic 
'heae,  we  are  forced  to  confess  that,  whether  the  existence  of 
All  tether  and  of  atoms  be  admitted  or  not,  wc  are,  so  far 
-^gards  the  nature  of  specific  heat,  in  a  slate  of  ignorance, 

The  expression  "latent  heat"  has  reference  to  its  eon'ectly 
recognized  property  of  indestructibility.  In  all  cases  in  whidt 
'iicrmometrically  sensible  specific  heat  disappears,  it  must  l>a 
assumed  that  it  eludes  our  perception  only  by  toldng  ( 
other  state  of  esistence,  and  that  by  an  appropriate  pro< 
of  inverse  transformation  the  free  heat  can  be  reproduced 
original  amonnt.  These  are  the  facts  on  which  the  doctrino 
of  latent  heat  rests ;  and  bence,  if  we  have  regard  to  them 
only,  all  the  connected  phenoipena  may  be  claimed  as  so  many 
confirmations  of  the  principle  of  the  transformation  and  con- 
servation of  force. 

The  conception  of  latent  heat  is  accordingly  nothing 
than  the  conception  of  something  equivalent  to  free  heat,  and. 
thus  the  doctrine  of  free  and  specific  beat  embraces  pretty 
nearly  the  whole  domain  of  physics.  A  few  examples,  ch<^ 
sen  from  among  the  abundance  of  facte,  may  serve  to  abow 
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how,  according  to  my  view,  the  phenomena  wherein  heat  bfe* 
comes  latent  are  to  be  regarded. 

If  heat  is  communicated  to  a  gas  retained  under  constant 
pressure,  the  £ree  heat  of  the  gas  is  mcreased,  and  at  the 
same  time  a  calculable  quantity  of  heat  becomes  latent ;  the 
gas  is  thereby  caused  to  expand,  and  ther**  is  consequeitly 
produced  an  amoimt  of  vis  viva  proportional  to  the  pressure 
and  to  the  space  through  which  expansion  takes  place.  There- 
fore as  soon  as  we  know  how  much  of  the  heat  that  has  be* 
come  latent  is  to  be  attributed  to  the  expansion  of  the  gas,  we 
know  also  the  amount  of  the  remainder  of  the  latent  heat 
corresponding  to  the  vis  viva  produced.  Now  Gray-Lussac 
has  proved  by  experiment  that  the  specific  heat  of  a  gas  un- 
dergoes no  sensible  alteration  in  flowing  from  a  containing  ves- 
sel into  a  vacuum.  Hence  it  follows  that  a  gaseous  body  op- 
poses no  perceptible  resistance  to  the  separation  of  its  parti- 
cles, and  that  the  rarefaction  of  a  gas  does  not  of  itself  (that 
is,  when  it  occurs  without  any  evolution  of  force)  cause  any 
heat  to  become  latent.  The  total  quantity  of  heat  which  be- 
comes latent  by  the  expansion  of  a  gas  is  therefore  to  be  taken 
as  the  equivalent  of  the  vis  viva  produced. 

It  results  from  the  principle  of  the  indestructibility  of 
heat — a  principle  which  no  one  calls  in  question — ^that  the 
quantity  of  heat  which  has  thus  become  latent  must  again 
become  free  when  heat  is  in  any  way  produced  at  the  expense 
of  the  acquired  vis  viva  of  motion.  Motion  is  latent  heat, 
and  heat  is  latent  motion. 

The  celebrated  law  of  Dulong,  that  the  amount  of  heat 
produced  by  the  compression  of  a  gas  is  dependent  on  the 
amoimt  of  force  expended,  and  not  upon  the  chemical  nature, 
tension,  or  temperature  of  the  gas,  is  a  special  application  of 
the  above  general  principle.  But  in  the  communication  so 
often  mentioned  I  have  shown  that  this  law  of  nature  is  capa- 
ble of  a  very  much  wider  application,  and  that  the  heat  which 
» becomes  latent  in  the  expansion  of  a  gaa  reappears  again  in 
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evBiy  case,  if  Ihe  vis  viva  thereby  produced  is  employed  to 
generate  heat,  whether  by  the  compresaion  of  air,  by  fiiction, 
or  by  the  impact  of  nonelaslic  bodies ;  and  I  have  there 
calculated  the  mechanical  equivalent  of  heat  upon  principles 
of  which  the  accuracy  cannot  be  disputed.  I  also  mcasiired 
at  that  time,  by  way  of  control,  the  heat  produced  in  the 
manufacture  of  paper  in  IIollaTid,  and  compared  it  with  the 
working  force  espeaded,  and  so  found  a  sufficient  degree  of 
concordance  between  the  two  quantitioB.  I  have  recently, 
aioreover,  succeeded  in  constructing,  for  the  purpose  of  the 
lirect  determination  of  the  mechanical  equivalent  of  heat,  a 
very  simple  thermal  dynamometer  on  a  small  scale,  with 
which  the  truth  of  the  principle  in  question  can  be  demon- 
Btralod  ad  oculos;  and  I  have  reason  to  believe  that  the  effi- 
ciency of  water-wheels  and  steam-engines  might  be  easily  and 
advantageously  measured  by  means  of  a  similar  calorimoto- 
rial  apparatus.  It  must,  however,  be  leil  to  the  future  judg- 
ment of  practical  men  to  decide  whether,  and  to  what  extent, 
this  method  deserves  to  he  preferred  to  Prony'f 


Heat  further  becomes  latent 
of  aggregation  of  bodies.     Since 
solid  and  liquid  bodies  oppose  a  c 
aralion  of  their  parts,  and  since  i 
■wis  Willi  is  required  for  the 


a  changes  of  the  state 
it  is  a  settled  fact  that  bath' 
Brtain  resistance  to  the  sep- 
a  general  an  expenditure  of 
ing  of  mechanical  resiaU- 
anccs,  we  are  led  to  conclude  tJ  priori  that  whenever  the  cob»-' 
sion  of  a  body  is  diminished  or  done  away  with,  force  or  heat 
must  become  latent;  and  this,  as  is  well  known,  perfectly 
accords  with  experience. 

Starting  from  this  point  of  view,  the  French  physiciflt 
Person  has  attempted  to  detect  a  direct  quantitative  relation 
between  the  latent  heat  of  metals,  on  which  he  has  made  »■ 
great  number  of  observations,  and  their  cohesion ;  but  at  pres- 
ent determinations  of  this  kind  are  beset  with  almost  insur- 
mountable difficulties. 

The  heat  which  becomes  latent  in  the  evaporation  of  water' 
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from  cosmical  elevations,  and  also  the  general  laws  of  central 
motions,  can  be  developed  without  its  being  needful  to  employ 
equations  of  more  than  the  second  degree. 

Having  now  become  acquainted  with  two  species  of  force- 
motion  and  falling-force — ^we  can  arrive  at  a  conception  of  "  a 
force  *'  in  general,  according  to  the  well-known  rule,  by  col- 
lecting together  the  common  characteristics  of  the  two  spe- 
cies. To  this  end,  we  must  consider  the  properties  of  these 
objects  somewhat  more  closely.  Their  most  important  prpp- 
erty  depends  on  their  mutual  relation.  Whenever  a  given 
quantity  of  falling  force  disappears,  motion  is  produced  ;  and 
by  the  expenditure  of  this  latter,  the  falling-force  can  be  re- 
produced in  its  original  amount. 

This  constant  proportion  which  exists  between  falling- 
force  and  piotion,  and  is  known  in  the  higher  mechanics  un- 
der the  name  of  "  the  principle  of  the  conservation  of  vis 
viva  J*  may  be  shortly  and  fitly  denoted  by  the  term  "  trans- 
formation" (JJmwandlung).  For  instance,  we  may  say  that 
a  planet,  in  passing  from  its  aphelion  to  its  perihelion,  trans- 
forms a  part  of  its  falling-force  into  motion,  and,  as  it  moves 
away  from  the  sun  again,  changes  a  part  of  its  motion  into 
falling-force.  In  using  the  word  "  transform "  in  this  sense, 
nothing  else  can  or  is  intended  to  be  expressed  but  a  constant 
numerical  ratio. 

But  it  follows  from  the  axiom  mentioned  at  page  326,  that 
the  production  of  a  definite  quantity  of  motion  from  a  given 
quantity  of  falling-force,  and  vice  versd,  implies  that  neither 
falling-force  nor  motion  can  be  annihilated  either  totally  or  in 
part.     We  thus  obtain  the  following  definition : 

J^arces  are  transformable^  indestructible^  and  (in  contradis* 

be  taken  as  the  starting-point  for  the  calculation  of  real  velocities,  mathe> 
matical  artifices  become  necessary  which  are  inadmissible  in  the  elementarjf 
branches  of  sdence. 


352 


TtlE   MECHANICAL   BQUnALENT  OF   I 


Customary  language,  according  to  which  gravity  is  called 
a  moving  force  and  heat  a  substance,  occasions,  on  1 
hand,  the  significance  of  an  important  natural  object,  fallings 
space,  or  the  space  through  which  a  bodj  falls,  to  be  kept  as 
much  as  possible  out  of  sight,  and,  on  the  other  hand,  heat  to 
be  removed  to  the  greatest  possible  distance  from  the  vis  viva' 
of  motion.  The  sciences  are  thus  reduced  to  an  artificial  sj^ 
tern,  over  whose  fissured  surface  we  can  advance  in  safety 
only  by  the  powerful  aid  of  the  higher  analysis. 

Without  doubt  the  fact  that  so  simple  and  obvious  a  ma^ 
ter  as  the  connection  between  heat  and  motion  could  remain 
mipereeived  up  to  the  most  recent  times  must  also  be  attrib- 
uted to  the  same  defect.  Nevertheless,  as  baa  been  already 
pointed  out,  the  quantitative  determination  of  chemical  heat- 
ing-effects and  of  galvanic  actions,  as  well  as  researohea  into 
vital  phenomena,  instituted  in  the  spirit  of  those  of  Liebig^ 
must  soon  have  led  to  the  law,  not  difficult  to  discover,  of  tha 
equivalence  of  heat  and  motion. 

In  reality  this  law  and  its  numerical  expression,  the  i 
chanical  equivalent  of  heat,  were  published  almost  simulta- 
ueoosly  in  Grermany  and  in  England. 

Starting  from  the  fact  that  the  amount  of  chemical  as  well 
as  of  galvanic  eilect  is  dependent  only  and  solely  oi 
amount  of  material  expenditure,  the  celebrated  English  phys- 
icist Joule  was  led  to  the  principle  that  the  phenomena  of 
motion  and  of  heat  rest  essentially  upon  one  and  the  s 
foundation,  or,  as  he  expressed  himself,  in  the  same  way  as  I 
have  done,  heat  and  motion  are  transformable  one  into  the 

Not  only  did  this  philosopher  indisputably  make  aa  indft- 
pendent  discovery  of  the  natural  law  in  question,  but  to  him 
belongs  the  credit  of  having  made  numerous  and  important 
rontributions  towards  its  further  establishment  and  develop- 
ment.    Joule  baa  shown  that  when  motion  is  produced  by 

.ne  of  eleclro-mugnetism,  the  heating  effect  of  the  g 
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Rumford,  becomes,  through  the  discovery  of  its  mechanical 
equivalent,  a  certainty. 

The  form  of  force  denoted  by  the  name  "heat"  is  plainly 
not  single,  but  includes  several  distinct,  though  mutually 
equivalent,  objects,  three  principal  forms  of  which  are  distin- 
guished in  common  language :  namely,  I.  Eadiant  Heat ;  II. 
Free  (sensible)  Heat,  Specii^c  Heat ;  and  HI.  Latent  Heat. 

There  can  be  no  doubt  that  radiant  heat  must  be  regarded 
as  a  phenomenon  of  motion,  especially  since  the  recent  detec- 
tion of  phenomena  of  interference  in  the  radiation  of  heat. 
But  whether  there  really  exists,  as  is  commonly  assumed,  a 
peculiar  sether,  of  which  the  vibratory  motion  is  perceived  by 
US  as  radiant  heat,  or  whether  the  seat  of  this  motion* is  the 
particles  of  material  bodies,  is  a  question  that  is  not  yet  made 
out. 

Still  greater  obscurity  hangs  about  the  essential  nature  of 
specific  heat,  or  what  goes  on  in  the  interior  of  a  heated  body. 
Not  only  does  the  unanswered  question  of  the  aether  enter 
again  here,  but,  before  we  can  be  in  a  position  to  form  any 
clear  ideas  on  this  subject,  we  require  to  have  an  exact  knowl- 
edge of  the  internal  constitution  of  matter.  We  are,  how- 
ever, still  far  from  having  reached  this  point ;  for,  in  particu- 
lar, we  do  not  know  whether  such  things  as  atoms  exist — ^that 
is,  whether  matter  consists  of  such  constituents  as  undergo  no 
further  change  of  form  in  chemical  processes. 

But  a  span  of  that  time  which  stretches  both  backwards 
and  forwards  into  eternity  is  meted  out  to  man  here  on  earth, 
and  the  space  which  his  foot  can  tread  is  narrowly  bounded 
above  and  below :  so  also  his  scientific  knowledge  finds  nat- 
ural limits  in  the  direction  of  the  infinitely  small  as  well  as  of 
the  infinitely  great.  The  question  of  atoms  seems  to  me  to 
lead  beyond  these  limits,  and  hence  I  consider  it  unpractical. 
An  atom  in  itself  can  no  more  become  an  object  of  our  inves- 
tigation than  a  difierential,  notwithstanding  that  the  ratio 
which  such  immensely  smaU  auxiliary  magnitudes  bear  tc 
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The  following  is  one  problem  of  this  kind. 
that  a  costoicul  body  enters  the  atmosphere  of  oiir  earth  with 
a  velocity  of  four  geographical  miles  per  eecoinl,  and  that,  in 
consequence  of  the  resistance  which  it  here 
loaes  so  much  of  its  vis  viva  of  motion  that  its 
locity  when  it  again  quits  tbe  atmosphere  amounts  to  three 
miles:  Ihe  question  now  arises,  How  great  is  the  tbermal 
effect  which  accompanies  this  process? 

A  simple  calculation,  based  upon  the  mechanical  equiva- 
lent of  heat,  shows  that  the  quantity  of  heat  required  is  about 
eight  times  as  great  as  the  heat  of  eombuslion  of  a  mass  of 
coal  of  equal  weight  with  the  bflJy  in  question,  one  kilo- 
gramme of  coal  being  taken  as  yielding  6,000  thennal  nnita. 
Hence  it  follows  that  the  velocity  of  the  motion  of  shooting- 
Blars  and  fire-balls,  which,  aa  is  well-tnown,  attains,  accord- 
ing to  astronomical  observations,  to  irom.  four  to  eight  miles, 
is  a  cause  fully  sufficient  to  produce  the  most  violent  evolndoa 
of  heat,  and  an  insight  into  the  nature  of  these  remarkable 
phenomena  is  thereby  afforded  to  us.* 

The  following  is  a  problem  of  a  similar  kind ;  if  two  cos- 
niical  masses,  moving  in  space  about  their  common  centre  of 
gi-avity,  were  by  any  cause  whatever,  for  example  by  tbe  re- 
sistance of  tbe  surrounding  medium,  caused  to  fall  together, 
the  question  again  arises,  How  great  is  tbe  thermal  effect  coi> 
responding  to  this  process  of  mechanical  combination? 

Even  though  the  elements  of  the  orbits  (that  is,  their  tcxr- 
centricity)  may  be  idknowu,  we  can  nevertheless  calculate 
from  the  ^ven  weight  and  volume  of  the  masses  in  question 
the  maximum  and  the  minimum  of  the  required  effect.  Thus . 
let  it  be  supposed,  for  tbe  sake  of  an  esamplo,  that  our  earth 
bad  been  divided  into  two  equal  globes  which  had  united  in 

'  Tlie  idea  lliat  the  meteors  here  rpfeireil  to  Owe  their  light  to  m  m^ 
jihajiical  procoaa — whether  fricdon,  or  the  compreBsion  of  the  oir — is  nol 
new;  hut  without  a,  knowlriilge  of  the  moi!haiucal  eqaicaloot  of  beat  II 
Guulil  have  no  acientifiu  foundation. 
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how,  according  to  my  view,  the  phenomena  wherein  heat  biB* 
comes  latent  are  to  be  regarded. 

If  heat  is  communicated  to  a  gas  retained  under  constant 
pressure,  the  firee  heat  of  the  gas  is  mcreased,  and  at  the 
same  time  a  calculable  quantity  of  heat  becomes  latent ;  the 
gas  is  thereby  caused  to  expand,  and  ther**  is  consequently 
produced  an  amount  of  vis  viva  proportional  to  the  pressure 
and  to  the  space  through  which  expansion  takes  place.  There- 
fore as  soon  as  we  know  how  much  of  the  heat  that  has  be- 
come latent  is  to  be  attributed  to  the  expansion  of  the  gas,  we 
know  also  the  amount  of  the  remainder  of  the  latent  heat 
corresponding  to  the  vis  viva  produced.  Now  Gay-Lussac 
has  proved  by  experiment  that  the  specific  heat  of  a  gas  un- 
dergoes no  sensible  alteration  in  flowing  from  a  containing  ves- 
sel into  a  vacuum.  Hence  it  follows  that  a  gaseous  body  op- 
poses no  perceptible  resistance  to  the  separation  of  its  parti- 
cles, and  that  the  rarefaction  of  a  gas  does  not  of  itself  (that 
is,  when  it  occurs  without  any  evolution  of  force)  cause  any 
heat  to  become  latent.  The  total  quantity  of  heat  which  be- 
comes latent  by  the  expansion  of  a  gas  is  therefore  to  be  taken 
as  the  equivalent  of  the  vis  viva  produced. 

It  results  from  the  principle  of  the  indestructibility  of 
heat — a  principle  which  no  one  calls  in  question — ^that  the 
quantity  of  heat  which  has  thus  become  latent  must  again 
become  free  when  heat  is  in  any  way  produced  at  the  expense 
of  the  acquired  vis  viva  of  motion.  Motion  is  latent  heat, 
and  heat  is  latent  motion. 

The  celebrated  law  of  Dulong,  that  the  amount  of  heat 
produced  by  the  compression  of  a  gas  is  dependent  on  the 
amount  of  force  expended,  and  not  upon  the  chemical  nature, 
tension,  or  temperature  of  the  gas,  is  a  special  application  of 
the  above  general  principle.  But  in  the  communication  so 
oilen  mentioned  I  have  shown  that  this  law  of  nature  is  capa- 
ble of  a  very  much  wider  application,  and  that  the  heat  which 
» becomes  latent  in  the  expansion  of  a  gas  reappears  again  in 
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every  case,  if  the  vis  viva  thereby  produced  is  employed  to 
generate  heat,  whether  by  the  compression  of  air,  by  friction, 
or  by  the  impact  of  nonelastic  bodies;  and  I  have  there 
calculated  the  mechanical  equivalent  of  heat  upon  principles 
of  which  the  accuracy  cannot  be  disputed.  I  also  measured 
at  that  time,  by  way  of  control,  the  heat  produced  in  the 
manufacture  of  paper  in  Holland,  and  compared  it  with  the 
working  force  expended,  and  so  found  a  sufficient*  degree  of 
concordance  between  the  two  quantities.  I  have  recently, 
attoreover,  succeeded  in  constructing,  for  the  purpose  of  the 
lirect  determination  of  the  mechanical  equivalent  of  heat,  a 
very  simple  thermal  dynamometer  on  a  small  scale,  with 
which  the  truth  of  the  principle  in  q:uestion  can  be  demon- 
strated ad  oculos ;  and  I  have  reason  to  believe  that  the  effi- 
ciency of  water-wheels  and  steam-engines  might  be  easily  and 
advantageously  measured  by  means  of  a  similar  calorimoto- 
rial  apparatus.  It  must,  however,  be  left  to  the  future  judg- 
ment of  practical  men  to  decide  whether,  and  to  what  extent, 
this  method  deserves  to  be  preferred  to  Prony's. 

Heat  further  becomes  latent  in  certain  changes  of  the  state 
of  aggregation  of  bodies.  Since  it  is  a  settled  fact  that  both 
solid  and  liquid  bodies  oppose  a  certain  resistance  to  the  sep- 
aration of  their  parts,  and  since  in  general  an  expenditure  of 
vis  viva  is  required  for  the  overcoming  of  mechanical  resist- 
ances, we  are  led  to  conclude  d  priori  that  whenever  the  cohe- 
sion of  a  body  is  diminished  or  done  away  with,  force  or  heat 
must  become  latent;  and  this,  as  is  well  known,  perfectly 
accords  with  experience. 

Starting  from  this  point  of  view,  the  French  physicist 
Person  has  attempted  to  detect  a  direct  quantitative  relation 
between  the  latent  heat  of  metals,  on  which  he  has  made  a 
great  number  of  observations,  and  their  cohesion ;  but  at  pres- 
ent determinations  of  this  kind  are  beset  with  almost  insur- 
mountable difficulties. 

The  heat  which  becomes  latent  in  the  evaporation  of  watex  • 
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has  been  considered  from  quite  a  similar  point  of  view  by 
Holtzmann  in  his  important  memoir  '^  On  the  Heat  and  Elas- 
ticity of  Gases  and  Vapours."  Starting  from  the  principle 
that  elevation  of  temperature  is  equivalent  to  the  raising  of  a 
weight,  this  philosopher  has  likewise  calculated  the  mechani- 
cal equivalent  of  heat  from  the  quantity  of  heat  which  be- 
comes latent  by  the  expansion  of  a  gas ;  and  he  very  rightly 
conceives  6f  the  latent  heat  of  steam  as  made  up  of  two 
parts,  whereof  one,  the  smaller,  is  expended  in  overcoming 
the  opposing  pressure  of  the  atmosphere,  and  can  hence  be 
easily  calculated  by  means  of  the  mechanical  equivalent  of 
heat,  while  the  remaining  part,  the  amount  of  which  can  also 
be  calculated,  is  what  Holtzmann  calls  the  heat  required  to 
destroy  the  cohesion  of  the  water.  In  all  steam-engines  this 
latter  portion  is  wasted,  and  Holtzmann  calculates  from  these 
data  the  superior  efficiency  of  high-pressure  compared  with 
low-pressure  engines.* 

If  the  view  here  taken  of  the  latent  heat  of  frision  and 
evaporation  is  correct,  heat  must  also  become  latent  when 
hard  bodies  are  reduced  to  powder ;  and  when  such  substances 
pass  into  the  liquid  condition  from  a  state  of  fine  division, 
they  must  absorb  a  smaller  quantity  of  heat  than  when  they 
are  liquefied  without  previous  comminution.  A  few  experi- 
ments that  I  have  instituted  in  this  direction  have  not  hitherto 
given  any  decisive  result.         • 

It  is  also  worthy  of  notice  that  certain  solid  bodies  which 
are  capable  of  assuming  allotropic  states,  as,  for  instance,  the 
oxygen-compounds  of  iron,  evolve  a  considerable  quantity  of 
heat  on  passing  from  a  less  to  a  more  hard  condition.  Such 
facts,  the  number  of  which  will  doubtless  continually  increase 
with  time,  agree  perfectly  with  the  above  principle,  that  dim- 
inution of  cohesion  involves  an  expenditure  of  heat,  and,  on 
the  other  hand,  increase  of  cohesion  a  production  of  heat. 

*  The  engines  which  give  the  greatest  useful  effect  must  be  those  in 
wMch  the  steam  receiyes  an  aldition  of  heat  during  its  expansfon. 


Michael  Faraday,  son  of  a  smith,  was  bom  in  London  in  1701.  De 
was  taught  reading,  writing,  and  arithmetic  at  a  day-school,  and  in  all  other 
things  educated  himsell  At  thirteen  he  was  apprenticed  to  a  bookbinder, 
choosing  this  Tocation  in  order  to  be  among  books.  He  was  early  fond  of  ex- 
periment, and  averse  to  trade ;  and  being  taken  to  hear  some  lectures  of  Sr 
Humphrey  Davy  at  the  Royal  Institution,  he  resolved  to  pursue  science,  and 
wrote  to  Davy  asking  his  assistance  in  obtaining  a  place.  Davy  favored  his 
application,  and  in  1813,  at  the  age  of  twenty,  he  was  appointed  as^tant  in 
the  laboratory  of  the  Royal  Institution.  In  1820  he  discovered  the  chloride 
of  carbon,  and  in  1823  effected  the  condensation  of  chlorine  and  other  gases. 
On  this  account  Davy  became  jealous  of  him,  and  discouraged  the  idea  of 
recommending  him  for  election  to  the  Royal  Sodety,  which,  however,  took 
place  in  1824.  In  1820,  Oersted  announced  his  celebrated  discovery  of 
electro-magnetism,  and  Faraday  at  once  entered  upon  an  investigation  of  the 
relations  of  magnetism  and  electricity.  In  1881  he  commenced  his  cele- 
brated series  of  Experimental  Researches  in  Electricity,  which  extended  to 
three  volumes,  published  in  1839,  1844,  and  1855.  In  1827  he  published 
his  admirable  work  on  **  Chemical  Manipulations,"  and,  in  1830,  a  valuable 
paper  on  "  The  Manufacture  of  Glass  for  Optical  Purposes."  In  1833  he 
became  Professor  of  Chemistry  in  the  Royal  Institution,  and  he  has  received 
numerous  honors  from  the  learned  societies  of  Europe.  In  1835  he  received 
a  pension  of  £300  a  year,  and  in  1858  the  Queen  allotted  him  a  residence  in 
Hampton  Court.  Dr.  Faraday  has  talents  of  a  high  order,  both  as  an  orig- 
inal investigator  and  as  a  lecturer.  Advanced  in  years,  he  has  now  retired  to 
a  considerable  extent  from  active  duty,  but  is  still  in  the  vigor  of  his  powers, 
as  is  shown  by  his  recent  lectures  to  juvenile  audiences  in  the  Royal  Insti> 
tution. 
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YARIOUS  CLrcumstances  induce  me  at  the  present  mo» 
ment  to  put  forth  a  consideration  regarding  the .  con- 
servation of  force.  I  do  not  suppose  that  I  can  utter  any 
truth  respecting  it  that  has  not  abready  presented  itself  to  the 
high  and  piercing  intellects  which  move  within  the  exalted 
regions  of  science ;  hut  the  course  of  my  own  investigations 
and  views  makes  me  think  that  the  consideration  may  be  of 
service  to  those  persevering  labourers  (amongst  whom  I  en- 
deavour to  class  myself)  who,  occupied  in  the  comparison  of 
physical  ideas  with  fundamental  principles,  and  continually 
sustaining  and  aiding  themselves  by  experiment  and  observa^ 
tion,  delight  to  labour  for  the  advance  of  natural  knowledge, 
and  strive  to  foUow  it  into  undiscovered  regions. 

There  is  no  question  which  lies  closer  to  the  root  of  all 
physical  knowledge  than  that  which  inquires  whether  force 
can  be  destroyed  or  not.  The  progress  of  the  strict  science 
of  modem  times  has  tended  more  and  more  to  produce  the 
conviction  that  "  force  can  neither  be  created  nor  destroyed ; " 
and  to  render  daily  more  manifest  the  value  of  the  knowledge 
of  that  truth  in  experimental  research.  To  admit,  indeed, 
that  force  may  be  destructible  or  can  altogether  disappear, 
would  be  to  admit  that  matter  could  be  uncreated ;  for  we 
know  matter  only  by  its  forces ;  and  though  one  of  these  is 
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moat  commonly  referred  to,  ikamely,  gravity,  to  prove  itd 
presosce,  it  is  not  bccauBO  gravity  bas  any  pretension,  or  an^i 
exemption,  amongst  the  forms  of  force  ae  regorde  the  princi- 
ple of  conservation,  but  simply  tliat  being,  as  far  as  we  per- 
ceive, inconvertible  in  its  nature  and  unchangeable  in  its  mi 
ifestation,  it  offers  an  unchanging  test  of  the  matter  which 
recognize  by  it. 

Agreeing  with  those  who  admit  the  conservation  of  force 
to  be  a  principle  in  physics,  as  large  and  sure  as  that  of  the 
iudestmctibility  of  matter,  or  the  invariability  of  gravity, 
think  that  no  particular  iilea  of  force  has  a  right  to  unlimited 
or  unqualified  acceptance  that  does  not  include  assent  to  it 
and  also,  to  definite  amount  and  definite  dispoaition  of  the 
force,  either  in  one  effect  or  another,  for  these  are  necessary 
consequences  ;  therefore  I  urge,  that  the  conservation  of  force 
ought  to  be  admitted  as  a  physical  principle  in  all  our  hypoth- 
eses, whether  partial  or  general,  regarding  the  actions  of  mat- 
ter. I  have  had  doubts  in  my  own  mind  whether  the  eonaidr 
erations  I  am  about  to  advance  are  not  rather  metaphyaical 
than  physical.  I  am  unable  to  define  what  is  metaphyBioal  in 
physical  science ;  and  aui  exceedingly  adverse  to  the  easy  and 
miconsidered  admissiou  of  one  supposition  npon  anothi 
gested  as  they  often  are  by  very  imperfect  induction  Irom  a 
smaU  number  of  faets,  or  by  a  very  imperfect  observaliou  of 
the  facts  themselves  ;  but,  on  the  other  hand,  I  tliink  the  phi- 
losopher may  be  bold  in  his  apphcation  of  principles  which 
have  been  developed  by  close  inquiry,  have  stood  through 
much  investigation,  and  continually  increase  in  force, 
instance,  time  is  growing  up  daily  into  importance  as  a 
ment  in  the  exercise  of  force.  The  earth  moves  in  ita 
in  time ;  the  crust  of  the  earth  moves  in  time  ;  light  moves  hi 
lime ;  an  electro-magnet  requires  time  for  its  charge  by  as 
electric  current ;  to  inquire,  therefore,  whether  power,  acting 
either  at  sensible  or  insensible  distances,  always  acts  in  time, 
ia  not  to  be  metaphysical ;  if  it  acts  in  time  and  across  epaWt 
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it  mnat  act  by  physical  lines  of  force ;  and  our  view  of  the 
nature  of  the  tbrce  may  be  affected  to  the  estremest  degree 
by  iLe  conclusions  which  experiment  and  obserfatton  on  time 
may  supply ;  being,  perhaps,  finally  determinable  only  by 
them.  To  inquire  after  the  possible  time  in  which-  gravita- 
ting, magnetic,  or  electric  force  is  exerted,  is  no  more  meta- 
physical than  to  mark  the  tinges  of  the  hands  of  a  clock  in 
their  progress  ;  or  that  of  the  temple  of  Serapis  and  its  ascents 
and  descents ;  or  the  periods  of  the  occultations  of  Jupiter's 
satellileB ;  or  that  in  which  the  light  from  them  comes  to  the, 
earth.  Again,  in  aome  of  the  known  cases  of  action  in  time, 
something  happens  whilst  the  time  is  passing  which  did  not 
happen  before,  and  does  not  continue  afler ;  it  is,  therefore, 
not  metaphysical  to  expect  an  effect  in  every  case,  or  to  en- 
deavour to  discover  its  existence  and  determine  its  nature, 
So  in  regard  to  the  principle  of  the  conservation  of  force  ;  I 
do  not  think  that  to  admit  it,  and  its  consequetices,  whatever 
they  may  be,  is  to  be  metaphysical ;  on  the  contrary,  if  that 
word  have  any  application  to  physics,  then  1  think  that  any 
hypothesis,  whether  of  heat,  or  electricity,  or  gravitation,  or 
any  other  form  of  force,  which  either  willingly  or  unwillinf,dy 
diapenses  with  the  principle  of  conservation,  is  more  liable  to 
the  charge  than  those  which,  by  including  it,  become  so  far 
more  strict  and  precise. 

Supposing  that  the  truth  of  the  principle  of  the  conserva- 
tion of  force  is  assented  to,  I  come  to  its  usee.  No  hypothesis 
ebould  be  admitted,  nor  any  assertion  of  a  fact  credited,  that 
denies  the  principle.  No  view  should  be  inconsistent  or  in- 
eompatible  with  it.  Many  of  our  hypotheses  in  the  present 
state  of'  science  may  not  comprehend  it,  and  may  be  unable 
to  surest  its  consequences ;  but  none  should  oppose  or  con- 
tradict it. 

If  the  principle  be  admitted,  we  perceive  at  once  that  a 
theory  or  definition,  though  it  may  not  contradict  the  princi- 
ple, cannot  be  accepted  as  sufficient  or  complete  unless  the 
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former  be  contained  in  it ;  that  however  ■well  or  perfectly  the  1 
defioition  may  include  and  represent  the  state  of  things  c 
monly  considered  under  it,  that  state  or  ressult  is  only  partial,  j 
and  must  not  bo  acceptad  as  exhanating  the  power  or  being  I 
the  fiill  equivalent,   and  therefore  cannot  be  considered  ai  1 
representing  ila  whole  naitfre  ;  that,  indeed,  it  may  expresa  only  I 
a  very  small  part  of  the  whole,  only  a  residual  phenomenon,  J 
and  hence  give  ns  but  little  indication  of  the  Ml  natural  truth. 
Allowing  the  principle  its  force,  we  oaght,  in  every  hypotho- 
ais,  either  to  account  for  its  consequences  by  saying  what  tho 
changes  are  when  force  of  a  given  kind  apparently  disappears,  I 
as  when  ice  thaws,  or  else  should  leave  space  lor  the  idea  of  I 
the  conversion.     If  any  hypotbeais,  more  or  less  trustworthy  I 
oit  other  accounts,  is  insufficient  in  expressing  it  or  incompat-'  j 
ible  with  it,  the  place  of  deficiency  or  opposition  should  he  ( 
marked  as  the  most  important  for  examination,  for  there  lies  i 
the  hope  of  a  discovery  of  new  laws  or  a  new  condition  c 
force.     The  deficiency  should  never  be  accepted  as  satisfoc-l 
tory,  but  bo  remomhered  and  used  as  a  stimulant  to  further  I 
inquiry ;  for  conversions  of  force  may  here  ho  hoped  for. 
Suppositions  may  be  accepted  for  the  time,  proi-idod  they  are  " 
not  in  contradiction  with  the  principle.     Even  an  increased  or  i 
diminished  capacity  is  better  than  nothing  at  all,  because  such 
a  supposition,  if  made,  must  be  consistent  with  the  nature  of 
tho  original  hypothesis,  and  may,  therefore,  by  the  apphcation 
of  espcriment,  be  converted  into  a  further  test  of  probable   | 
truth.     The  case  of  a  force  simply  removed  or  suspended,' 
without  a  transferred  exertion  in  some  other  direction,  ( 
to  me  to  be  absolutely  impossible. 

If  the  principle  be  accepted  as  true,  we  have  a  right  to  I 
pursue  it  to  its  consequencoa,  no  matter  what  they  may  be.  T 
It  is,  indeed,  a  duty  to  do  so.  A  theory  may  be  porfeci 
as  far  as  it  goes,  but  a  consideration  going  beyond  it,  is  not  1 
for  that  reason  to  be  shut  out.  We  might  as  well  accept  o 
limited  horizon  as  the  limits  of  the  world.     Xo  magnlta 
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either  of  the  phcnomeiia  or  of  the  regulle  to  be  di^alt  witli, 
should  stop  our  esertiona  to  flBcertain,  by  the  use  of  the  prin- 
ciple, that  something  remains  to  be  discovered,  and  to  trace 
ia  what  direction  tlat  discovery  may  lie. 

I  will  endeavour  to  iUostrate  some  of  the  points  which 
have  been  urged,  by  reference,  in  the  firat  instance,  to  a  case 
of  power,  which  has  long  had  great  attractions  for  me,  be- 
cause of  its  extreme  simplicity,  its  proaiising  nature,  its  uni- 
versal presence,  and  in  iU  invariability  under  like  circum- 
stances; on  which,  though  I  have  experimented*  and  as  yet 
failed,  I  tliink  experiment  would  be  well  bestowed,  I  mcau  the 
■  force  of  gravitation.  I  believe  I  represent  the  received  idea 
of  the  gravitAtiag  force  aright  in  saying  that  it  is  a  simple  at- 
tractive  farce  exerted  between  any  two  or  all  the  particles  or 
mosses  0/  matter,  at  every  seTiailile  distance,  but  with  a  strcrtgth 
varying  inversely  as  the  square  of  the  distance.  The  usual 
idea  of  the  force  implies  direct  action  at  a  distance  ;  and  such 
a.  view  appears  to  present  little  difficulty  except  to  Newloh, 
and  a  few,  including  myself,  who  in  that  respect  may  be  of 
like  mind  with  bim. 

This  idea  of  gravity  appears  to  me  to  ignore  entirely  the 
principle  of  the  conservation  of  force ;  and  by  the  terms  of 
its  definition,  if  taken  iu  an  absolute  sense,  "  varying  inversely 
as  the  square  of  the  distance,"  to  be  in  direct  opposition  to  it, 
and  it  becomes  my  cluty  now  to  point  out  where  this  contra- 
diction occurs,  and  to  use  it  iu  illustratiou  of  the  principle  of 
cooservation.  Assume  two  particles  of  matter,  A  and  B,  in 
free  space,  and  a  force  in  each  or  in  both  by  which  they  gravi- 
tate towards  each  other,  the  force  being  unalterable  for  an 
unchanging  distance,  but  varying  inversely  as  the  square  of 
the  distance  when  the  latter  varies.  Then,  at  the  distance  of 
ten,  the  force  may  be  estimated  as  one  ;  whilst  at  the  distance 
of  one,  that  is,  one-tenth  of  the  former,  the  force  will  be  one 
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hundred ;  and  if  we  suppose 
duced  between  the  two  as  a 
the  power  compressing  it  will  be 
tlio  latter  cose  as  in  the  former, 
enormous  increase  of  power  con 


elastic  spring  to  be  intro 
of  tbe  attractiTe  force, 
hundred  times  as  miich 
But  from  whence  can  t 

say  that  it  is  the 


character  of  tlib  force,  and  content  ourselves  with  that  as  a 
sullicient  answer,  then  it  appears  to  me  we  admit  a  creatioti 
of  power  aad  tJiat  to  an  enormous  amonnt ;  yet  by  a  changa 
of  condition,  so  small  and  simple  as  to  fait  in  leading  the  least 
instructed  mind  to  tliiuk  that  it  can  be  a  aul&cient  c 
should  admit  a  result  which  would  equal  Ihe  highest  act  oM 
minds  can  appreciate  of  the  working  of  infinite  power  upoa 
matter ;  we  should  let  loose  the  highest  law  in  physical  ear' 
ence  which  onr  faculties  permit  us  to  perceive,  namely,  tha 
conservation  of  force.  Suppose  the  two  particles,  A  and  B, 
removed  back  to  the  greater  diatanee  of  ten,  then  the  force  of 
attraction  would  be  only  a  hundredth  part  of  that  they  pre- 
viously possessed ;  this,  according  to  ihe  statement  that  tha 
force  varies  inversely  as  the  square  of  the  distance,  would 
double  the  strangeness  of  the  above  results  ;  it  would  be  a 
annihilation  of  force — an  effect  equal  in  its  infinity  and  iu 
consequences  with  creation,  and  only  within  the  power  of  TTirri 
who  has  created. 

We  iiave  a  right  to  view^  gravitation  nnder  every  form  tl 
either  its  definition  or  ha  effects  can  snggcst  to  the  misd ; 
ia  our  privilege  to  do  so  with  every  force  in  nature  ;  and  it  3 
only  by  so  doing  that  we  have  succeeded,  to  a  large  extent,  it 
relating  the  various  forms  of  power,  so  as  to  derive  one  f 
another,  and  thereby  obtain  confirmatory  evidence  of  I 
great  principle  of  the  conservation  of  force.     Then  let  t 
consider  the  two  particles,  A  and  B,  as  attracting  each  oth 
by  the  force  of  gravitation,  under  another  view.     Accord 
to  the  delinition,  the  force  depends  upon  both  x>Eirticles,  and  1 
the  particle  A  or  B  were  by  itself,  it  could  not  gravitate,  I 
is,  it  oould  have  no  attraction,  no  force  of  gravity.     St^pc 
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ing  A  to  exist  in  that  isolated  state  and  without  gravitating 
force,  and  then  B  placed  in  relation  to  it,  gravitation  conioB 
on,  as  is  supposed,  on  the  part  of  both.  Now,  without  trjr* 
ing  to  imagine  how  B,  which  had  no  gravitating  force,  can 
raise  up  gravitating  force  in  A ;  and  how  A,  equally  without 
force  beforehand,  can  raise  up  force  in  B,  still,  to  iuiagiuo  it 
as  a  fact  done,  is  to  admit  a  creation  of  force  in  both  parti- 
cles ;  and  so  to  bring  ourselves  within  the  impossible  conso 
quences  which  have  been  already  referred  to. 

It  may  be  said  we  cannot  have  an  idea  of  one  particle  by 
itself,  and  so  the  reasoning  fails.  For  my  part  I  can  compre* 
hend  a  particle  by  itself  just  as  easily  as  many  particles ;  and 
though  I  cannot  conceive  the  relation  of  a  lone  particle  io 
gravitation,  according  to  the  limited  view  which  is  at  present 
taken  of  that  force,  I  can  conceive  its  relation  to  something 
which  causes  gravitation,  and  with  which,  whether  the .  parti' 
de  is  alone,  or  one  of  a  tmiverse  of  other  particles,  it  is  al* 
ways  rdated.  But  the  reasoning  upon  a  lone  particle  does 
not  fiaal ;  for  as  the  particles  can  be  separated,  we  can  easily 
oonoeive  of  the  particle  B  being  removed  to  an  hifbiite  dis- 
tance from  A,  and  then  the  power  m  A  will  be  luflmtely  dn 
minished.  Such  removal  of  B  will  be  as  if  it  were  armihH 
lated  in  regard  to  A,  and  the  force  in  A  wiD  be  anonihlkited 
at  the  same  time ;  so  that  the  case  of  a  lone  pftrtide  aud  thai 
where  different  in^tfoces  only  are  considered  become  (mt^  Irt^ 
iog  identical  with  each  odver  in  their  coose^inenced^  And  as 
removal  of  B  to  an  in^nite  distance  is  as  regards  A  annihila^- 
tion  cf  By  so  removal  to  the  smallest  degree  is,  in  principle, 
the  same  thing  with  displacement  through  rnilnite  <^ace ;  the 
gmallest  ioerease  in  distance  involves  annihilation  of  power  ; 
die  agmfhilataon  of  the  second  particle,  i^  as  to  have  A  alone, 
iawot^tB  no  other  consequence  in  relation  to  gravity ;  there*,  is 
in  degree,  but  no  diiference  in  the  character  of  fher 


It  seems  hardly  necessary  to  observe,  that  Ihe  .^inbine  lin^ 
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of  thought  grows  up  in  the  mind,  if  we  consider  the  mutiu,  J 
gravitating  action  ot  one  particle  and  many.  The  particle  A  m 
will  attract  the  portide  B  at  tbe  distance  of  a  mile  with  a  ff 
certain  degree  of  force ;  it  will  attract  a  particle  C  at  ib%M 
same  diatanco  of  a  mile  with  a  power  equal  lo  that  by  which  « 
it  attracts  B ;  if  mjriads  of  like  porticlea  be  placed  at  tha^ 
given  distance  of  a  mile,  A  will  attract  each  with  equal  force;  I 
and  if  other  particles  he  aeeuinulated  round  it,  within  and  I 
without  the  sphere  of  two  miles  diameter,  it  will  attract  themf 
all  with  a  force  varying  inversely  with  the  square  of  the  dia-  ■ 
tance.  How  are  we  to  conceive  of  this  force  growing  np  i 
A  to  a  million-fold  or  more,  and  if  the  surrounding  particles  I 
be  then  removed,  of  its  diminution  in  an  equal  degree?  Or,  I 
how  are  we  to  look  upon  the  power  raised  up  in  all  t 
outer  particles  by  the  action  of  A  on  them,  or  hy  their  action  t 
one  on  another,  without  admitting,  according  to  the  limited  J 
definition  of  gravitation,  the  iacile  generation  and  annihilatioa  J 
of  force  ? 

The  assumption  which  we  mate  for  the  time  with  regardfl 
to  the  nature  of  a  power  (as  gravity,  heat,  etc.),  and  the  T 
form  of  words  in  which  we  express  it,  that  is,  its  definition, 
should  be  consistent  with  the  fimdamental  principles  of  foroa' , 
generally.  The  conservation  of  force  is  a  fundament-al  prin-^ 
ciple  ;  hence  the  assumption  with  regard  to  a  particular  forml 
of  force  ought  to  imply  what  becomes  of  the  force  when  ilsW 
action  is  increased  or  diminished,  or  its  direciion  changed;  or» 
else  the  assumption  should  admit  that  it  is  deficient  c 
point,  being  only  half  competent  to  represent  the  force ;  and,  j 
in  any  case,  should  not  he  opposed  to  the  prrnciple  of  conaer*  | 
vation.  The  usual  definition  of  gravity  as  an  atlraetiva  /orea  ■ 
bdieeen  the  particles  of  mailer  vahtikg  j'nverseiy  as  the  igvan-U 
of  the  distance,  whilst  it  stands  as  a  full  definition  of  t 
power,  is  inconsL:ont  with  the  principle  of  the  conservation'  | 
of  force.  If  wc  aicept  the  principle,  inch  a  definition  mnstll 
be  an  imperfc.t  account  of  the  whole  of  the  force,  and  i 
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ibly  only  a  descr^Mi  of  one  exerdse  of  that  power. 
wbateTer  the  oatare  of  the  force  iti«lf  may  be.  l£  Iho  defi 
nitioQ  be  accepted  as  tacitly  including  the  conscrvatioa  oC 
force,  Ihea  it  traght  to  admit  that  consequences  must  ocoiit 
dnring  the  eiispended  or  diminished  d^reo  im  tl3  tNiwor  aa 
gravitation,  eqnal  in  importance  to  the  power  suspendud  or 
hidden ;  being  in  fact  equivalent  to  that  diminution.  It  ot^clit 
bIso  to  admit,  that  it  is  incompetent  to  soggest  or  deal  wiili 
any  of  the  consequences  of  that  changed  part  or  coodilion  tif 
the  force,  and  cannot  tell  whether  they  depend  on,  or  are  re- 
lated to,  conditions  ejXemal  or  tnfcrnai  to  the  gravitating  par- 
ticle ;  and,  as  it  appears  to  me,  can  say  neither  yes  nor  no  to 
any  of  llie  arguments  or  probabilities  belonging  to  the  subjoot. 

K  the  definition  denies  the  occurrence  of  sucli  coatingvnl 
results,  it  aeeuis  to  me  to  be  unphilosopbical ;  if  it  simply  ig- 
nores them,  1  thini  it  is  imperfect  and  insulTiciont ;  if  it  a* 
mits  these  things,  or  any  part  of  them,  tlion  it  prepares  llio 
natural  philosopher  to  look  for  effeets  and  conditions  ni«  yxt 
unknown,  and  is  open  to  any  degree  of  development  oC  llio 
consequences  and  illations  of  power ;  by  denying,  it  opposes 
a  dogmatic  barrier  to  impi-ovement ;  by  ignoring,  it  bceonieM 
in  many  respects  an  inert  tiling,  often  mueU  in  tliii  wtky  ;  by 
udmittiug,  it  riees  to  the  dignity  of  a  stimulus  tg  iuvuHtij^iiitioii, 
a  pilot  to  human  science. 

The  principle  of  the  conservation  of  force  would  Imtil  \m 
to  assume,  that  when  A  and  B  attract  uncb  other  luiis,  be- 
cause of  increasing  distance,  then  some  other  oxortlon  of 
power,  either  within  or  without  them,  is  proportionately  grow- 
ing up ;  and  again,  tliat  when  their  distance  is  dtmiuiMliKiI,  an 
from  tea  to  one,  the  power  of  attraction,  now  incruadud  ti 
hundred-fold,  haa  been  produced  oiit  of  somii  olliur  form  of 
power  which  has  been  eqtiivalcnlly  redound.  Thin  nnhir^d 
assumption  of  the  nature  of  gravity  is  not  morn  rantaptiyMiniil 
than  the  half  assomption  ;  and  Ik,  I  heliuvo,  mirro  ptiilowjpbl- 
cal  and  more  in  accordance  with  ull  pbynicAl  ctnuidtTntioiJi. 
18 
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,   Tho  half  assumption  ia,  in  my  view  of  the  matter,  more  do? 
matiu  and  irrational  than  tlie  whole,  becauae  it  leaves  it  to  b» 
understood  that  powor  can  be  created  and  destroyed  almost 
pleasoro. 

When  the  equivalents  of  the  various  forms  of  force,  as  fiff 
aa  they  are  known,  are  considered,  their  differences  appear 
very  great ;  thus,  a  grain  of  water  ia  known  to  have  electrie 
relations  equivalent  to  a  vory  powerM  flash  of  lightning. 
may  therefore  be  supposed  that  a  very  large  apparent 
of  tho  force  causing  the  phenomena  of  gravitation,  may  ha 
the  equivalent  of  a  very  small  change  in  some  onknown  con- 
dition of  the  bodies,  whose  attraction  is  varying  by  change  of 
distance.  For  my  own  part,  many  considerations  urge  my 
mind  toward  the  idea  of  a  canso  of  gravity,  which  ia  not  res- 
ident in  the  particles  of  matter  merely,  but  constantly  in 
them,  and  all  space.  I  have  already  put  forth  considerations 
regarding  gravity  which  partake  of  this  idca,^  and  it  seemi 
to  have  been  mihesitatiugly  accepted  by  Newtoa.f 

There  ia  one  wonderful  condition  of  matter,  perhaps  its 
only  true  indication,  namely,  inertia ;  but  in  relation  to  tha 
ordinary  definition  of  gravity,  it  only  adds  to  tbc  difficulty, 
For  if  we  consider  two  particles  of  matter  at  a  certain  dis- 
tance apart,  attracting  each  other  under  the  power  of  gravity, 
and  tree  to  approach,  tbey  will  approach  ;  and  when  at  only 
half  the  distance,  each  will  have  had  stored  up  in  it,  because  of 
its  ineHia,  a  certain  amount  of  mechanical  force.     This 

*  ProeGedings  of  the  Rojal  Inatitntion,  1865,  vol.  Ji.,  p.  10,  etc 
-j-  "That  griLYitj  sbonid  be  innate,  ioJiereai,  itnd  eEBentigJ  to  m&tter,  M' 
that  one  body  naj  act  upon  another  at  a  distance,  through  a  v 
out  the  medintiou  of  any  thing  cleo,  by  and  through  wliich  ihcir  tuition  &nf 
force  may  be  convejed  from  one  to  another,  ia  to  me  ao  great  an  abauidi^' 
that  I  believe  no  man  who  hoa  in  philosophical  matters  a  competent  Em>>' 
ult;  of  thinldng,  can  ever  fall  Into  it.  Gravity  must  he  caused  by  aa  agentp' 
acting  constantlj  acconling  to  ccrtiun  la^B ;  but  irhcthcr  this  agent  be 
terial  or  immatetial  I  have  left  t«  the  consideiution  of  my  reador."- 
jVeiMon'g  Third  Leiier  to  Sailley. 
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b«s  due  to  the  force  tserted,  and,  if  Ihe  conserration  principlt 
be  true,  miist  have  consumed  an  equivalent  proportion  of  the 
cause  of  attraction ;  and  yet,  according  to  the  definition  of 
gravity,  the  attractive  force  is  not  diminished  therehy,  but 
increased  four-fold,  the  force  growing  up  within  itself  the 
more  rapidly,  the  more  it  is  occupied  in  producing  other  force. 
On  the  other  hand,  if  mechanical  force  from  without  be  used 
to  separate  the  particles  to  twice  their  distance,  Ihia  force  is 
not  stored  up  in  momentum  or  liy  inertia,  but  disappears  ;  and 
three-fourths  of  the  attractive  tbrce  at  the  firat  distance  disap- 
pears with  it.     How  can  this  be  ? 

We  know  not  the  physical  condition  or  action  from  which 
i/nertia  results ;  but  inertia  is  always  a  pure  case  of  the  con- 
servation of  force.  It  has  a  strict  relation  to  parity,  ae  ap- 
pears by  the  proportionate  amount  of  the  force  whii-h  gravity 
can  communicate  to  the  inert  body ;  but  it  appears  to  have 
Ihe  same  strict  relation  to  other  forces  acting  at  a  distance  as 
those  of  magnetism  or  ele'etricity,  when  they  are  so  applied 
by  the  tangential  balance  as  to  act  independent  of  the  gravi- 
tating force.  It  has  the  like  Btricl  relation  to  force  communi- 
cated by  impact,  pull,  or  in  any  other  way.  It  enables  a 
body  to  take  up  and  conserve  a  given  amount  of  force  nntil 
that  force  is  traasfurred  to  other  bodies,  or  changed  into  an 
equivalent  of  some  other  form ;  that  is  all  that  we  perceive 
in  it ;  and  we  cannot  fmA  a,  more  striking  instance  amongst 
natural,  or  possible  phenomena,  of  the  necessity  of  the  con- 
aer\'ation  of  force  as  a  law  of  nature ;  or  one  more  in  con- 
trast with  the  assumed  variable  condition  of  the  gravitating 
force  supposed  to  reside  in  the  particles  of  matter 

Even  gravity  itself  furnislies  the  strictest  proof  of  the  con- 
Bervatiott  of  force  in  this,  that  ita  power  is  unchangeable  for 
the  same  distance;  and  is  by  that  in  striking  contrast  with 
the  variation  which  we  assume  in  regard  to  the  cauee  of  grav 
ity,  to  account  for  the  results  at  different  distances. 

It  will  not  be  imagined  for  a  moment  tha,t  I  am  opposed 
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to  what  may  be  called  the  law  of  gravUatvng  aciion,  that  iSf 
tlie  law  by  which  all  the  known  effeeta  ot'  gravity 
erocd ;  what  I  am  considering  is  the  defiiiilion  of  the  force  at 
gravitatioo.  That  the  reaidt  of  one  QSerciae  of  a  power  may 
Le  inversely  as  the  sqnare  of  the  distance,  I  believe  and  ad^ 
luit ;  and  I  know  that  it  ia  bo  in  the  case  of  gravity,,  and 
been  verified  to  an  extent  that  conld  hardly  have  been  witkkt 
the  coQception  even  of  Newton  himself  when  he  gave  uttep* 
fkace  to  the  law  ;  but  that  the  tolaiUy  of  a  force  can  be  env 
ployed  according  to  that  law  I  do  not  believe,  either  in  td»~ 
(ion  to  gravitation,  or  electricity,  or  magnetism,  or  any  ol^er 
sappoBed  forra  of  power. 

I  might  hare  drawn  reasons  for  ur^g  a  continual  reeolr 
lection  of,  and  reference  to,  the  principle  of  the  conservation 
of  force  from  other  forms  of  power  than  that  of  graviCation  fi 
but  I  think  that  when  founded  on  gravitating  phenomena^ 
they  appear  in  their  greatest  simplicity  ;  and  precisely  for  this 
reason,  that  graTitaiion  baa  not  ^et  been  connected  by  any 
degree  of  convertibility  with  the  other  forms  of  force.  If  1 
refer  for  a  few  minutes  to  these  other  forms,  it  is  only  to 
point  in  their  variations,  to  the  proois  of  the  value  of  ih» 
principle  laid  down;  the  consistency  of  the  known  phenomenft 
with  it,  and  the  euggestiona  of  research  and  discovery  which; 
arise  from  it.  Seat,  for  instance,  is  a  mighty  form  of  power, 
and  its  effects  have  been  greatly  developed ;  therefore,  asanmp* 
tions  regarding  its  nattue  become  naefiil  and  neceseary,  onii 
philosophers  try  to  define  it.  The  moat  probable 
is,  that  it  is  a  modon  of  the  particles  of  matter ; 
at  one  time  very  popular,  is,  thai  it  consists  of  a  particular 
fluid  of  heat.  Whether  it  be  viewed  in  one  way  or  the  other, 
tbe  principle  of  conservation  is  admitl^d,  I  believe,  with  all  it* 
force.  When  transferred  from  one  portion  to  another  portioa 
of  like  matter,  the  full  amount  of  heat  appears.  When  trans- 
ferred to  matter  of  another  kind  an  apparent  excess  or  du& 
ciancy  often  results  ;  the  word  "  capacity"  is  then  introdaoed. 
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wluch,  while  it  acknowladgea  the  principle  of  conservation! 
leaves  space  for  reeearcti.  Vhen  employed  in  cdiangiiig  tlie 
state  of  bodies,  the  appearance  and  disappearance  of  the  heat 
is  provided  for  coosislentlj  hy  the  assumption  of  enJargecl  or 
diminished  motion,  or  else  space  is  left  bj  the  terra  "  captv- 
city"  for  the  partial  vicwB  which  remain  to  be  developed- 
When  converted  into  mechanical  force,  in  the  steam  or  air 
engine,  and  so  brought  into  direct  contact  with  gravity,  being 
then  easily  placed  in  relation  to  it,  still  the  conservation  of 
force  IB  hilly  respeuted  and  wonderfolly  sustained.  The  con- 
elant  amonnt  of  heat  developed  In  the  whole  of  a  voltaic  cur- 
rent  described  hy  M.  P.  Favre,*  and  the  present  state  of  the 
knowledge  of  thermo-electricity,  ore  again  fine,  partial,  or 
subordinate  illnatratious  of  the  principles  of  conservation. 
£von  when  rendered  radiant,  and  for  the  time  giving  no  trace 
or  signs  of  ordinary  heat  action,  tihe  assumptions  regaling 
its  nature  have  provided  for  the  belief  in  the  conservation  of 
force,  by  admitting  cither  that  it  tlirows  tlie  ether  into  an 
equivalent  state,  in  sustaining  which  for  the  time  the  power 
is  engaged;  or  else,  tliat  tJie  motion  of  the  particles  of  heat 
is  employed  altogether  in  their  own  transit  from  place  to 

pi«». 

It  is  true  tliat  heat  ollen  becomes  evident  or  insensible  in 
a  manner  unknown  to  us  ;  and  we  have  a  right  to  ask  what 
is  happening  when  the  heat  disappears  in  one  port,  as  of  tite 
thenao-voltaic  currentT  and  appears  in  another ;  or  when  it 
enlarges  or  changes  the  state  of  bodies  ;  or  what  would  hap- 
pen, if  the  heat  being  presented,  such  changes  were  purpesely 
opposed.  We  have  a  right  to  ask  these  questions,  but  not  to 
ignore  or  deny  the  coaservation  of  force ;  and  one  of  the 
highest  uses  of  the  principle  is  to  suggest  such  inquiries.  Es- 
^^^nlicationa  of  similar  points  are  continually  produced,  and  will 
^^^h.  most  abundant  from  the  hands  of  tliose  who,  aot  desiring 


■  Comles  Bendos  1861,  vxi.  usx.,  p.  1£1& 


ST2 


THE   00M8EBVATI0N    OF  1 


lo  ease  their  labour  by  forgetting  tbe  principle,  are  ready  to 
admit  it,  eitbor  tacitly,  or,  better  still,  eflectively,  being  tiea 
continually  guided  by  it.  Sueb  philosophera  believe  llml  heat 
muat  do  its  equivalent  of  work ;  that  if  in  doing  work  it 
seem  to  disappear,  it  is  still  producing  ita  equivalent  effect, 
though  often  in  a  manner  partially  or  totally  unknown  ;  and 
that  if  it  give  rise  to  another  form  of  force  (as  we  imperfeclly 
express  it),  that  force  is  equivalent  in  power  to  the  heat  which 
has  disappeared. 

What  is  called  chemical  attraction  aSbrds  equally  instrnc- 
tivo  and  suggestive  consideratians  in  reladon  to  the  pnn<^lie 
of  the  conservation  of  force.     The  indestructibility  of  iadi- 
vidual  matter  is  one  case,  and  a  most  important  one,  of  the 
conservation  of  chemical  force.     A  molecule  has  been  e 
dowed  with  powers  which  give  rise  in  it  lo  various  qnalitit 
and  these  never  change,  either  in  their  nature  or  amount, 
particle  of  oxygen  is  ever  a  particle  of  oxygen — nothing  c. 
in  the  least  wear  it.     If  it  enters  into  combination  and  disap- 
pears as  oxygen — if  it  pass  through  a  thousand  combinations, 
animal,  vegetable,  mineral — if  it  lie  hid  for  a  thousand  years 
and  then  be  evolved,  it  is  oxygen  with  its  fiyst  qualitiee,  nei» 
ther  more  nor  less.     It  has  all  its  original  force,  and  only 
that ;  the  amount  of  force  which  it  disengaged  when  hiding 
itself  has  again  to  be  employed  in  a  reverse  direction  when  it 
is  set  at  liberty ;  and  if,  hereafter,  we  should  decompose  oxy- 
gen, and  find  it  compounded  of  other  particles,  we  should  only 
increase  the  strength  of  the  proof  of  the  conservation  of 
force,  for  we  should  have  a  right  to  say  of  these  particles, 
long  8S  they  have  been  hidden,  all  that  we  could  say  oj 
oxygen  itself. 

Again,  the  body  of  facts  included  in  the  theory  of  definite 
proportions,  witnesses  to  the  truth  of  the  conservation  of 
force ;  and  though  we  know  little  of  the  cause  of  the  change 
of  properties  of  the  acting  and  produced  bodies,  or  bow  the 
'brces  of  the  former  are  hid  amongst  those  of  the  latter,  we 
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do  not  for  aa  instant  doubt  the  cotiservation,  bat  ara  mosed 
to  look  for  the  manoer  in  which  the  forces  are,  for  the  time, 
disposed,  or  if  they  have  taken  up  another  form  of  force,  to 
search  what  that  form  may  be. 

Even  chemical  action  at  a  distance,  which  is  in  such  an- 
tithetical contrast  with  the  ordinary  exertion  of  chemical  affln 
ity,  since  it  can  produce  effocts  miies  away  from  the  partidei 
on  which  they  depend,  and  wiiich  are  effectual  only  by  forces 
acting  at  insensible  distances,  still  proves  the  same  thing,  the 
conservation  of  force.  Preparations  can  be  made  for  a  chem- 
ical action  in  the  simple  voltaic  circuit,  but  until  the  circuit 
be  complete  that  action  does  not  occur ;  yet  in  completing  we 
can  so  arrange  the  circuit,  that  a  distant  chemical  action,  the 
perfect  equivalent  of  the  dominant  chemical  action,  shall  be 
produced ;  and  iln'"  result,  whilst  it  establishes  the  eloctro- 
cbemical  equivalent  of  power,  eslablisLes  the  principle  of  the 
conservation  of  force  also,  and  at  the  same  time  suggests 
many  collateral  inquiries  which  have  yet  to  be  made  and 
answered,  before  all  that  concerns  the  conservation  in  this 
case  can  be  understood. 

This  and  other  instances  of  chemical  action  at  a  distance 
carry  our  inquiring  thoughts  on  from  the  facts  to  the  physical 
mode  of  the  exerfion  of  force ;  for  the  qualities  which  seem 
located  and  fixed  to  certain  particles  of  matter  appear  at  a 
distance  in  connection  with  particles  altogether  different. 
They  a]so  lead  our  thoughts  to  the  conversion  of  one  form  of 
power  into  another ;  as,  for  instance,  in  the  heai  which  tha 
elements  of  a  voltaic  pile  may  either  show  at  the  place  where 
they  act  by  their  combustion  or  combination  together,  or  in 
the  distance,  where  the  electric  spark  may  be 'rendered  mani- 
fest ;  or  in  the  wire  of  fluids  of  the  different  parts  of  the 
circuit. 

When  we  occupy  ourselves  with  the  dual  forms  of  power, 
electricity,  and  magnetism,  we  find  great  latitude  of  assump- 
tion, and  necessarily  bo,  for  the  powers  become  more  and 
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more  complicated  in  their  condiliona,     Bnt  atill  there  ia 
apparent  desire  to  let  loose  the  force  of  the  principle  of  eo&> 
Bervation,  even  in  those  cases  where  the  appearance  and  di^ 
.appearance  of  force  may  seem  most  evident  and  striking. 
Electricity  apjieara  when  there  is  consumption  of  no  other 
force  than  that  required  for  friction ;  we  do  not  know  how, 
but  we  search  to  know,  not  being  willing  to  admit  that  the 
electric  force  can  arise  out  of  nothing.     The  two  electrioities 
are  developed  in  equal  proportions  ;  and  having  appeared,  we    i 
way  dispose  variously  of  the  influence  of  one  upon  successive    i 
portions  of  the  other,  causing  many  changes  in  relation,  yet   | 
never  able  to  make  the  sum  of  the  force  of  one  kind  in  the 
least  degree  exceed  or  come  short  of  the  sum  of  the  other. 
In  that  necessity  ol'  equality,  we  see  another  direct  proof  o 
the  conservation  of  force,  in  the  midst  of  a  thousand  change 
that  require  to  be  developed  in  their  principles  bofore  wo  _ 
can  consider  this  part  of  science  as  even  moderately  ]) 

to  BS. 

One  assumption  with  regard  to  electricity  is,  ihat  4 
an  elecfric  fluid  rendered  evident  by  excitement  h 
minus  proportions.     Another  asBimiption  is,  that  there  are  1 
two  fluids  of  electricity,  each  particle  of  each  repelling  all 
particles  like  itself,  and  attracting  all  particloe  of  the  other   ' 
kind  always,  and  with  a  force  proportionate  to  the  inverse 
square  of  the  distance,  being  so  for  analogous  to  the  defini- 
tion of  gravity.     This  hypothesis  is  antagonistic  to  the  law 
of  the  conservation  of  force,  and  open  to  all  the  objections 
that  have  been,  or  may  be,  made  agaipst  the  ordinary  defini- 
tion of  gravity.     Another  assumption  is,  that  each  particle  of 
the  two  electricities  has  a  given  amount  of  power,  and  cao    , 
only  attract  contrary  particles  with  the  enm  of  that  amount,  I 
acting  npon  each  of  two  with  only  half  the  power  it  could  in 
like  circumstances  esort  npon  one.     But  various  as  ore  the 
BBSumptions,  the  conservation  offeree  (though  wanting  in  the 
■econd)  is,  I  think,  intended  to  be  included  in  all.     I  migjit 
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peat  the  same  obBerraliouB  nearly  iu  riigard  to  utognctiaio- 
wlietJier  to  ba  aseumcd  as  a  fiuid,  or  two  floida  or  electric  cur 
rcnta — whether  the  external  actioQ  be  supposed  to  be  aulioQ 
at  a  distance,  or  dependmit  on  an  exterual  condition  and 
lines  of  force — BtiU,  all  are  intended  to  admit  the  constirva 
tion  of  power  as  a  printiple  to  whicU  the  phenomena  are 
subject. 

The  priaciples  of  phyaical  knowledge  are  now  bo  far  de- 
veloped as  to  enable  us  not  merely  to  define  or  describe  the 
knoyni,  but  to  state  reasonable  expectations  regarding  the 
unknown;  and  I  think  the  principle  of  the  conservation  of 
force  may  greatly  aid  e:!f^rimental  philosophers  in  that  duly 
to  science,  which  consiste  in  tlie  enunciation  of  problems  to 
be  solved.  It  will  lead  us,  in  any  case  where  the  force  re- 
maining unchanged  in  form  is  altered  in  direction  only,  to 
look  for  the  new  disposition  of  the  Ibrce ;  as  in  the  cases  of 
magnetism,  static  electricity,  and  perhaps  gravity,  and  to  as- 
oerloin  that  as  a  wliole  it  remains  uochaaged  in  amount — or, 
if  the  original  force  disappear,  either  altogether  or  in  part,  it 
viU  lead  us  to  look  for  the  new  condition  or  form  of  force 
'which  should  result,  and  to  develop  its  equivalency  to  the 
force  that  has  disappeared.  Xiikevrise,  when  force  is  devt^N 
oped,  it  wiU  cause  us  to  consider  the  previously-existing  eqiuv- 
alcnt  to  the  force  so  appearing ;  and  many  such  casus  there 
are  in  chemical  action.  Wlien  force  disappears,  as  in  the 
electric  or  magnetic  induction  after  more  or  less  discbarge,  or 
that  of  gravity  with  an  iocreasing  distance,  it  will  suggest  a 
research  as  to  whether  the  equivalent  change  is  one  within 
iiie  apparently  aetiag  bodies,  or  one  external  (in  part)  to 
them.  It  will  also  raise  up  inquiry  as  to  the  oaturt:  of  tl>e 
internal  or  external  state,  both  hniote  llie  td^aogc  and  alter. 
If  supposed  to  be  external,  it  will  euggetrt  Uie  ueoeiisity  ol  a 
phyaical  process,  by  wliich  Ibe  power  is  eojoimuuicaUt'l  from 
body  to  body ;  and  in  the  case  of  exteroal  action,  will  lead 
i  iaqfury  whether,  in  auy  case,  tbtire  cut  hv  Uiily  action 
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at  a  distance,  or  whether  the  ether,  or  some  other  medium,  if 
not  necessarily  present. 

We  are  not  permitted  as  yet  to  sea  the  natnre  of  the  source 
of  physical  power,  hut  we  are  jillowed  to  see  much  of  the 
consiatency  existing  amongst  tlie  various  forms  in  which  it  ia 
presented  to  us.  Thus,  if,  in  static -electricity,  we  coasider 
an  act  of  induction,  we  can  pcreeive  the  consistency  of  all 
otlier  like  acts  of  induction  with  it.  If  we  then  take  an  elec- 
tric current,  and  compare  it  with  this  inductive  effect,  we  Bee 
their  relation  and  conaiatency.  In  the  eamo  manner  we  have 
.arrived  at  a  knowledge  of  the  conaistency  of  magnetism  with 
electricity,  and  also  of  chemical  action  and  of  heat  vnth  oil 
the  former ;  and  if  we  see  not  the  consistency  between  gravi- 
tation with  any  of  these  forms  of  force,  I  am  strongly  ot  the 
mind  that  it  is  because  of  our  ignorance  only.  How  imper- 
fect  wonid  our  idea  of  an  electric  corrent  now  be,  if  we  were 
to  leave  out  of  sight  its  origin,  its  static  and  dynamic  induo 
tion,  its  magnetic  influence,  its  chemical  and  heating  effects ; 
or  our  idea  of  any  one  of  these  results,  if  we  left  any  of  the 
others  unregarded  ?  That  there  should  be  a  power  of  gravita- 
tion  existing  by  itself,  having  no  relation  to  the  other  natwral 
powSTB,  and  no  respect  to  the  law  of  the  conservation  of  foren, 
is  as  little  likely  as  that  there  should  be  a  principle  of  levity 
as  well  as  of  gravity.  Gravity  may  be  only  the  residual  part 
of  the  other  forces  of  nature,  as  Mositi  has  tried  to  show ; 
but  that  it  should  fall  out  &om  the  law  of  all  other  force,  and 
should  be  outside  the  reach  either  of  further  experiment  or 
philosophica,!  conclusions,  is  not  probable.  So  we  must  strive 
to  loam  more  of  this  outstanding  power,  and  endeavour  to 
avoid  any  definition  of  it  which  is  incompatible  with  the  prin* 
eiples  of  force  generaOy,  for  all  the  phenomena  of  nature  lead 
us  lo  believe  that  the  great  and  governing  law  is  one.  I 
would  much  rather  incline  \o  believe  that  bodies  affecting 
each  other  by  gravitation  act  by  lines  of  force  of  definila 
Amount  (somewhat  in  the  manner  oi'  magnetic  or  electric  in^ 
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tliougli  with  polarity),  or  by  an  ether  pervading  all 
of  space,  tban  admit  that  the  conservation  of  force 
be  diBpeoaed  with. 
It  may  be  supposed,  that  one  who  has  little  or  no  matlio 
tnfttical  knowledge  should  hardly  assume  a  right  to  judge  of 
the  generality  and  force  of  a  principle  such  as  that  whicb 
forms  the  subject  of  these  remarks.  My  apology  is  this :  I 
do  not  perceive  that  a  mathematical  mind,  simply  as  such,  htw 
any  advantage  over  an  equally  acuie  mind  not  mathematical 
in  perceiving  the  nature  and  power  of  a.  natural  principle  of 
in.  It  cannot  of  itseU'  introduce  the  knowledge  of  any 
principle.  Dealing  with  any  and  every  amount  of  static 
<electricity,  tlic  mathematical  mind  has  balanced  and  adjusted 
them  with  wonderful  advantage,  and  has  foretold  results 
which  the  experimentalist  can  do  no  more  than  Terify.  Bat 
it  could  not  discover  dynamic-electricity,  nor  eleotro-magncU 
ism,  nor  magneto-electricity,  or  even  suggest  them ;  tlioagh 
when  onee  discovered  by  the  experimontaliat,  it  can  take  them 
up  with  citrcmo  facility. 

respect  of  the  force  of  gravitation,  it  has  calculated 
results  of  the  power  in  such  a  wonderful  manner  as  to 
the  known  plaueta  through  their  courses  and  perturba- 
tions, and  in  so  doing  has  disBovered  a  planet  before  unknown ; 
but  there  may  be  reaulta  of  the  gravitating  force  of  other 
kinds  than  attraction  inversely  as  the  square  of  the  distance, 
of  which  it  knows  nothing,  can  djpcover  nothing,  and  can 
neither  assert  nor  deny  their  possibility  or  occurrence.  Under 
these  circumstances,  a  principle  which  may  be  accepted  as 
equally  strict  with  mathematiiyil  knowledge,  comprehensible 
without  it,  applicable  by  all  in  their  philosophical  logic,  what- 
ever form  that  may  take,  and  above  all,  suggestive,  encour- 
and  instructive  to  the  mind  of  the  experimealaljst, 
bo  the  more  earnestly  employed  and  the  more  fre- 
indy  resorted  to  when  we  arc  labouring  cither  to  discover 
I  of  science,  or  to  map  out  and  devel 
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Tvliicli  are  known  into  one  harmonious  whole ;  and  if  in  sncli 
Btrivinga,  we,  whilst  applying  the  principle  of  consQrvation, 
see  but  imperf'uclly,  bIiU  we  should  endeavour  to  see,  for  e^en 
an  obscure  and  distorted  vision  is  better  than  none.  Let  us, 
if  we  can,  discover  a  new  thing  in  wny  shape;  the  true  ap- 
pearanee  and  character  will  be  eaaily  developed  afterwards. 

Some  are  much  surprised  that  I  should,  as  thej  think, 
Tcnture  to  oppose  the  conclusions  of  KewtoE ;  but  hese  thera 
is  a  mistake.  I  do  not  oppose  Kewtou  on  anj  point ;  it  is 
rather  those  who  sustain  the  idea  of  action  at  a  distance,  that 
contradict  him.  Doubtful  as  I  ought  to  be  of  myself,  I  am 
certainly  very  glad  to  feel  that  my  convictions  are  in  accord- 
auee  with  hia  conclusiona.  At  the  same  time,  those  who  oo 
■cupy  thomBelves  with  sueh  matters  ought  not  to  depend  alto- 
gether upon  authority,  but  should  find  reason  within  theio- 
selves,  alter  careful  thought  and  oonsideration,  to  use  and 
abide  by  their  own  judgment.  Newton  himself,  whilst  refei^ 
ring  to  those  who  were  judging  his  views,  speaks  of  such  as 
are  competent  to  form  an  opinion  in  such  matters,  and  makes 
a  strong  distinction  between  tbem  and  those  who  were  iocbm- 
pctent  for  the  case. 

But  after  all,  the  principle  of  the  conservation  of  force 
may  by  some  be  darned.  Well,  then,  if  it  be  nnfotmded  oven 
in  itri  application  to  the  smalleat  part  of  the  science  of  force, 
the  proof  must  bo  within  our  reach,  for  all  physical  science 
is  80.  In  that  case,  diseoverieB  aa  large  or  larger  than  any 
yet  made,  may  be  anticipated.  I  do  not  resist  the  search  for 
them,  for  no  one  can  do  harm,  but  only  good,  who  works 
with  an  earnest  and  truthful  spirit  in  such  a  direction.  But 
let  US  not  admit  the  destruction  or  creation  of  force  without 
clear  and  constant  proof.  Just  as  the  chemist  owes  all  the 
perfection  of  his  scjence  to  his  dependence  on  the  certainty 
of  gravitation  applied  by  the  balance,  so  may  the  physical 
philosopher  expect  to  find  the  greatest  security  and  tlie  utmost 
aid  in  the  priaoiple  of  ^e  oonservatiDn  of  t'oice.    All  that 
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we  have  that  is  good  and  eeSa,  &e  the  ateam-cn)(iae,  the  Qlei> 
'tric-telegrapb.  &.C.,  f^'itnes3  to  that  priuciplo — ^it  would  roqutre 
a  perpetual  motion,  a  fire  without  lienl,  heat  without  ft  pouroei 
actioa  without  reaction,  cause  with  cQuct,  or  eff'aiit  wtl.houl  a 
cause,  to  displace  it  from  its  rank  as  a  law  of  naluru. 


^^^Wt  foreg 


ing  tbe  year  that  haa  pasHoil  since  t.lio  iiiiiilicution  nf 
foregoing  views  regarding  gruvilation,  Ai.'.,  1  linve  eonio  to 
tiie  knowledge  of  vorloua  uliservntions  upou  them,  some 
adverse,  others  favourable ;  these  liave  given  lue  no  reason  to 
change  mj  own  mode  of  viewing  the  subjeut ;  hut  aouiu  of 
them  make  lae  tliiok  lliat  I  have  not  stated  the  matter  witli 
sufficient  precision.  The  word  "  f(»ce"  ii  nnilorsiood  hy 
many  to  mean  simply  "  the  tendency  of  a  body  to  fiass  from 
one  place  to  another,"  which  is  ecfnivalent,  I  suppose,  to  Itw 
phrase  "  mecbanlcal  force  ;  "  those  who  no  realriun  its  inetHf 
iug  most  have  foond  my  argumenl  very  obscure.  What  I 
mean  by  tbe  werd  "  force,"  is  lh«  ctatae  of  a  pbysieal  actioii ; 
the  source  or  lonrcee  of  oD  possibie  ehanges  aaaoagel  t)i« 
lies  or  materials  of  the  oniverM, 

to  ate  that  the  idea  of  the  i^i>n««rvatif>n  of  for<^e  is 
ly  iodepeadent  of  any  notion  we  may  forna  of  th« 
of  force  or  its  varieties,  and  is  M  sure  and  BMy  be  w 
held  in  the  mind,  m  if  w>^,  instead  of  bein^  very 
ignoraDt,  under-atood  perfectly  ovpiry  point  about  the  canse  of 
force  and  the  wied  iffucts  it  can  prodiwe.  TTufe  may  be 
peciectLy  distinct  and  Mparate  canses  of  what  are  cnlled 
^emical  aerioos,  or  electrical  actions,  or  i^Avitaiing  nN.iouH, 
so  many  fopces ;  but  if  die  "  aonafirvftttoil  of 
B  good  and  true  principle,  each  of  diese  fiwiWB  must 
iject  to  it :  none  can  vary  iu  its  iibsolute  amomW  ;  each 
dafinile  at  all  times,  wliethcp  tWr  ■  pnrriele,  or  for  nil 
nniviM^c ;  and  the  ?Tim  aTs*)  of  the  thw» 


the  source 
^^•wticles  or 

^■b«of  f 

1         ^aly  held 
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forces  must  be  equally  imcliangeable.  Or,  there  may  be  but 
one  cause  for  these  three  sets  of  actions,  and  in  place  of  three ' 
forces  we  may  really  have  but  one,  convertible  in  its  manifes- 
tations ;  then  the  proportions  between  one  set  of  actions  and 
another,  as  the  chemical  and  the  electrical,  may  becomie  very 
variable,  so  as  to  be  utterly  inconsistent  with  the  idea  of  the 
conservation  of  two  separate  forces  (the  electrical  and 
the  chemical),  but  perfectly  consistent  with  the  conservation 
of  a  force,  being  the  common  cause  of  the  two  or  niore  sets 
of  action. 

It  is  perfectly  true  that  we  cannot  always  trace  a  force  by 
its  actions,  though  we  admit  its  conservation.  Oxygen  and 
hydrogen  may  remain  mixed  for  years  without  showing  any 
signs  of  chemical  activity ;  they  may  be  made  at  any  given 
instant  to  exhibit  active  results,  and  then  assume  a  new 
state,  in  which  again  they  appear  as  passive  bodies.  Now, 
though  we  cannot  clearly  explain  what  the  chemical  force  is 
doing,  that  is  to  say,  what  are  its  effects  during  the  three 
periods  before,  at,  and  after  the  active  combination,  and  only 
by  very  vague  assumption  can  approach  to  a  feeble  concep- 
tion of  its  respective  states,  yet  we  do  not  suppose  the  creation 
of  a  new  portion  of  force  for  the  active  moment  of  time,  or 
the  less  believe  that  the  forces  belonging  to  the  oxygen  and 
hydrogen  exist  unchanged  in  their  amount  at  all  these  periods, 
though  varying  in  their  results.  A  part  may  at  the  active 
moment  be  thrown  off  as  mechanical  force,  a  part  as  radiant 
force,  a  part  disposed  of  we  know  not  how ;  but  believing,  by 
the  principle  of  conservation,  that  it  is  not  increased  or 
destroyed,  our  thoughts  are  directed  to  search  out  what 
at  all  and  every  period  it  is  doing,  and  how  it  is  to  be 
recognized  and  measured.  A  problem,  founded  on  the 
physical  truth  of  nature,  is  stated,  and,  being  stated,  is  on  the 
way  to  its  solution. 

Those  who  admit  the  possibility  of  the  common  origin  of 
all  physical  force,  and  also  acknowledge  the  principle  of  con- 
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'ation,  apply  that  principle  to  the  sum  total  of  the  fonxj 
Though  ihe  amount  of  mechanical  force  (using  habitual  tan* 
guago  for  coQveuicDce  sake)  may  remain  unchanged  and 
definite  in  its  character  for  a  long  time,  yet  when,  as  in  (lie 
collision  of  two  equal  inelastic  bodies,  it  appears  to  he  lost, 
they  find  it  in  the  form  of  heat ;  and  whether  they  admit  (lint 
heat  to  be  a  continued  mechanical  action  (as  is  most  proba- 
ble), or  assume  some  other  idea,  as  that  of  electricity,  or 
action  of  a  heat-fluid,  sliU  they  hold  to  the  principle  of  con- 
servation by  admiiling  that  the  sum  of  force,  i.  e.  of  thu 
"  cause  of  action,"  is  Ihe  same,  whatever  charncter  llie  effecta 
assume.  "With  them  the  convertibility  of  heat,  electricily, 
magnetism,  chemical  action  and  motion,  is  a  familiar  thought ; 
neither  can  I  perceive  any  reason  why  they  should  bo  led  to 
exclude,  d  priori,  the  cause  of  gravitation  from  association 
with  the  cause  of  these  other  phicnomena  respectively.  All 
that  they  are  limited  by  in  their  various  invest ig;al ions, 
whatever  directions  they  may  take,  is  the  necessity  of  mak- 
ing no  assmnption  directly  contradictory  of  the  conaurvaliou 
of  force  applied  to  the  snm  of  all  the  forces  concerned,  and  to 
endeavour  to  discover  the  different  directions  in  which  llio 
various  parts  of  the  total  force  have  been  oxort«d. 

Those  who  admit  separate  forces  Inttir-UDcliungoaldi', 
to  abow  that  each  of  these  forces  is  «epiirutely  Niibjoct 

ihe  principle  of  conservation.  If  gravitation  l)u  hucIi  h 
separate  force,  and  yet  its  power  in  the  action  of  twu  par- 
ticles be  supposed  to  be  diminished  fourfold  by  doubling  I  lie 
distance,  surely  some  new  action,  having  true  ffrnvltaljoii 
character,  and  that  alone,  ought  to  appear,  tar  linw  «Uii  luiil 
the  totality  of  the  force  roiaain  iuicliai)ji;od  ?  To  di'llilii  Hm 
force  as  ^'  a  simple  attractivo  furcii  dxnrlud  butwttijii  any  Iwm 
or  all  the  particles  of  matter,  with  a  Ht.rvnglh  varylri/i;  tii> 
Tersely  as  the  square  of  the  distance,"  u  twit  to  an*wi>r  Ihii 
question;  nor  does  it  indicate  or  cveu  usiinio  what  urn  ihu 
iplementary  resultH  wicidi  nctiirfor  allow  llii<  ini\i- 
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poailion  tliat  such  are  necessary :  it  is  aimpiy,  as 
me,  to  deny  tlie  conaervaljon  of  force. 
As  to  tlie  gravitatiiig  force,  I  io  not  preaame  to  say  that  I 
have  the  leaat  idea  of  what  occhtb  in  two  particke  whoD  tUetr 
'  power  of  mutually  approuching  each  other  is  changed  by 
their  beiug  placed  at  different  distances ;  but  I  have  a  strong 
conviction,  through  the  influence  on  mj  mind  of  the  doctnoe 
of  conservation,  that  there  is  a  change ;  and  that  tlie  phe- 
noniona  resulting  from  the  change  will  probably  appeiar  some 
day  aa  the  result  of  careful  research.  If  it  be  stud  that 
"  'twere  to  consider  too  oiirioualy  to  consider  so,"  thea  i 
must  disBent :  to  refrain  to  couBJder  would  be  to  ignore  the 
principle  of  the  conservation  of  force,  and  to  stop  the  inqoiry 
which  it  suggests — whereas  to  admit  the  proper  logical  fc«ce 
of  the  principle  in  our  hypotheses  and  coaeiderations,  and  to 
permit  its  guidance  In  a  cautious  yet  courageous  course  of  ca> 
vestigation,  may  give  na  power  lo  enlarge  the  geaeralities  w« 
already  posseas  in  respect  of  heat,  motion,  eleotricityj  mas' 
notism,  &c.,  lo  associate  gravity  with  theni,  and  periia^ 
enable  us  to  know  whether  the  essential  force  of  gravitatatw 
(and  other  attractions)  is  internal  or  external  as  re^tecte  the 
attracted  bodies. 

Returning  once  more  to  the  definition  of  the  gravitating 
power  as  "  Q  sUnple  attractive  force  exerted  fietoeen  any  two  «r 
(ill  the  parlides  or  masses  of  matter  at  euery  seimfiie  .rftefiwiee, 
tu(  with  a  STR^iGTH  taeung  invenely  aa  lii&i^are  of  the 
distance,"  I  ought  perhaps  to  suppose  thare  are  many  wiUo 
accept  this  as  a  true  and  suiScient  description  of  the  force.,  and 
who  therefore,  in  relation  to  it,  deny  the  principie  of  coBaei^ 
vation.  H  both  are  accepted  and  arc  thought  to  be  cousiM- 
ent  with  each  other,  it  cannot  be  dijEGcult  to  add  words 
which  shall  make  "varying  stronglli"  and  "conservation" 
agree  together.  It  cannot  be  said  that  the  definition  merely 
applies  to  the  effects  of  gravitation  as  far  as  we  know  Uiem. 
So  understood,  it'  would  form  ao  barriei-  to  progress ;  &x. 
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that  particles  at  different  distance?  are  urged  toward  each 
other  with  a  power  varying  inversely  as  the  square  of  the 
distance,  is  a  truth :  but  the  definition  has  not  that  mean- 
ing; and  what  I  object  to  is  the  pretence  of  knowledge 
which  the  definition  sets  up  when  it  assumes  to  describe,  not 
the  partial  efiects  of  the  force,  but  the  nature  of  the  force 
as  a  whole. 
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which  are  known  into  one  harmonions  whole ;  and  if  in  sach 
strivings,  we,  whilst  applying  the  principle  of  consetryation, 
see  but  imperfectly,  still  we  should  endeavour* to  see,  for  even 
an  obscure  and  distorted  vision  is  better  than  none.  Let  us, 
if  we  can,  discover  a  new  thing  in  cmy  shape ;  the  true  ap- 
pearance and  character  will  be  easily  developed  afterwards. 

Some  are  much  surprised  that  I  should,  as  they  thinkf 
venture  to  oppose  the  conclusions  of  Newton ;  but  here  thecre 
is  a  mistake.  I  do  not  oppose  Newton  on  any  point ;  it  is 
rather  those  who  sustain  the  idea  of  action  at  a  distance^  that 
contradict  him.  Doubtful  as  I  ought  to  be  of  myself,  X  am 
certainly  very  glad  to  feel  that  my  convictions  are  in  accord- 
ance with  his  conclusions.  At  the  same  time,  those  who  oc- 
cupy themselves  with  such  matters  ought  not  to  depend  alto- 
gether upon  authority,  but  should  find  reason  within  them^ 
selves,  after  careful  thought  and  consideration,  to  use  and 
abide  by  their  own  judgment.  Newton  himiself,  whilst  refer- 
ring to  those  who  were  judging  his  views,  speaks  of  such  as 
are  competent  to  form  an  opinion  in  such  matters,  and  makes 
a  strong  distinction  between  them  and  those  who  were  incom- 
petent for  the  case. 

But  aft«r  all,  the  principle  of  the  conservation  of  force 
iua>y  by  some  be  denied.  Well,  then,  if  it  be  unfounded  even 
in  its  application  to  the  smallest  part  of  the  science  of  force, 
the  proof  must  be  within  our  reach,  for  all  physical  science 
is  so.  In  that  case,  discoveries  as  large  or  larger  than  any 
yet  made,  may  be  anticipated.  I  do  not  resist  the  search  for 
them,  for  no  one  can  do  harm,  but  only  good,  who  works 
with  an  earnest  and  truthful  spirit  in  such  a  direction.  But 
let  us  not  admit  the  destruction  or  creation  of  force  without 
clear  and  constant  proof.  Just  as  the  chemist  owes  all  the 
perfection  of  his  science  to  his  dependence  on  ihe  certainty 
of  gravitation  applied  by  the  balance,  so  may  the  physical 
philosopher  expect  to  find  the  greatest  security  and  the  utmost 
aid  in  the  principle  of  the  conservation  of  force.     All  •that 
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and  afterwards  graduated  in  medicine  in  Erlangen.  In  1822  he  went  to 
Paris,  where  he  studied  chemistry  two  years.  In  1824  he  read  a  papel  on 
the  Fuhninates  before  the  French  Institute,  which  attracted  the  attention  of 
Humboldt,  by  whose  influence  he  was  appointed  a^'unct  Professor  of  Chem- 
istry in  the  Uniyersity  of  Giessen.  He  became  professor  of  this  institution 
in  1826,  and  established  here  the  first  laboratory  in  Germany  fbr  teaching 
practical  chemistry.  In  1840  he  published  his  **  Chemistry  in  its  applica- 
tions to  Agriculture  and  Physiology,^'  in  the  form  of  a  report  to  the  British 
Association.  In  1842  he  reported  to  :ihe  same  body  his  work  on  '*  Animal 
Chemistry.''  About  the  same  time  appeared  his  "FamiUar  Letters  on 
Chemistry,"  which  .has  ^ce  been  xewxitten  and  mnok  extended.  He  is  the 
author  also  of  various  other  valuable  works.  He  remsdned  at  Giessen  till 
1852,  when  he  became  professpr  and  president  of  the  laboratory  in  the 
University  of  Munich.  In  1854  his  friends  in  Europe  contributed  and  pre- 
sented to  him  £1,000,  and  in  1860  he  became  President  of  the  Academy  of 
Sciences  in  Munich.  Professor  Liebig  is  a  bold  and  intrepid  investigator, 
and  an  ardent  writer,  who  has  made  a  profound  impression  upon  his  age. 
While  some  of  his  views  have  not  been  accepted  in  the  chemical  world,  and 
indeed  have  been  abandoned  by  himself,  others  have  taken  their  place  as 
valuable  additions  to  the  body  of  scientific  truth.  The  charge  that  some  of 
his  doctrines  have  proved  erroneous  does  not  disturb  him ;  in  the  true  scien< 
tific  spirit  he  replies,  "  Show  me  the  man  who  makes  no  mistakes,  and  I  will 
show  you  a  man  who  has  done  nothing." 
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Bervatibn,  apply  that  principle  to  the  sum  total  of  the  force 
Though  the  amount  of  mechanical  force  (using  habitual  Ian* 
guage  for  convenience  sake)  may  remain  unchanged  and 
definite  in  its  character  for  a  long  time,  yet  when,  as  in  the 
collision  of  two  equal  inelastic  bodies,  it  appears  to  be  lost, 
they  find  it  in  the  form  of  heat ;  and  whether  they  admit  that 
heat  to  be  a  continued  mechanical  action  (as  is  most  proba- 
ble), or  assume  some  other  idea,  as  that  of  electricity,  or 
action  of  a  heat-fluid,  still  they  hold  to  the  principle  of  con- 
servation by  admitting  that  the  sum  of  force,  i.  e.  of  the 
*'  cause  of  action,**  is  the  same,  whatever  character  the  effects 
assume.  With  them  the  convertibility  of  heat,  electricity, 
magnetism,  chemical  action  and  motion,  is  a  familiar  thought ; 
neither  can  I  perceive  any  reason  why  they  should  be  led  to 
exclude,  a  priori^  the  cause  of  gravitation  from  association 
with  the  cause  of  these  other  phsenomena  respectively.  All 
that  they  are  limited  by  in  their  various  investigations, 
whatever  directious  they  may  take,  is  the  necessity  of  mak- 
ing no  assumption  directly  contradictory  of  the  conservation 
of  force  applied  to  the  sum  of  all  the  forces  concerned,  and  to 
endeavour  to  discover  the  different  directions  in  which  the 
various  parts  of  the  total  force  have  been  exerted. 

Those  who  admit  separate  forces  inter-unchangeable, 
have  to  show  that  each  of  these  forces  is  separately  subject 
to  the  principle  of  conservation.  K- gravitation  be  such  a 
separate  force,  and  yet  its  power  in  the  action  of  two  par- 
ticles be  supposed  to  be  diminished  fourfold  by  doubling  the 
distance,  surely  some  new  action,  having  true  gravitation 
character,  and  that  alone,  ought  to  appear,  for  how  else  can 
the  totality  of  the  force  remain  unchanged  ?  To  define  the 
force  as  "  a  simple  attractive  force  exerted  between  any  two 
or  all  the  particles  of  matter,  with  a  strength  varying  in- 
versely as  the  square  of  the  distance,'*  is  not  to  answer  the 
question ;  nor  does  it  indicate  or  even  assume  what  are  the 
other  complementary  results  which  occur  f  or  allow  the  sup- 
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obtained  for  the  movement  of  the  piston.     It  is  heat,  in  this 
last  form,  which  performs  the  mechanical  work  of  the  ma 
chine. 

Every  force  acts  by  producing  pressure  either  from  or  tow- 
ards the  centre  of  motion.  In  every  machine  in  operation 
the  amount  of  power  is  always  measurable  by  the  resistance 
overcome  ;  and  this  again  can  be  expressed  by  corresponding 
weights,  which  that  power  is  capable  of  raising  to  a  certain 
height.  K  one  man  raises  by  a  pump,  in  one  minute,  150  lbs. 
of  water,  and  another  200  lbs. ;  or  if  one  horse  draws  to  a 
certain  distance  a  load  of  20  cwt.,  and  another  a  load  of  30 
cwt.,  it  is  evident  that  these  numbers  express  the  relative 
working  power  of  these  two  men  or  horses.  In  mechanics, 
the  working  power  of  every  machine  is  expressed  in  horse 
power,  that  is,  a  force  capable  of  elevating  in  each  second  75 
kilogrammes  (=2^  lbs.  avoirdupois)  to  a  height  of  one  meter 
(39-37  inches). 

The  whole  power  communicated  to  a  machine  is  not  actu- 
ally available,  but  is  in  part  lost  by  friction.  For  if  two 
machines  possess  the  same  power,  it  is  found  that  the  greater 
quantity  of  work  will  be  executed  by  the  one  which  has  to 
overcome  the  smaller  amount  of  friction.  In  mechanics, 
friction  is  always  regarded  as  acting  in  direct  opposition  to 
motion  in  every  machine.  It  was  believed  that  the  working 
power  of  a  machine  could  be  absolutely  annihilated  by  it. 

As  the  proximate  cause  of  the  cessation  of  motion,  friction 
was  a  palpable  fact,  and  could  as  such  be  taken  into  account ; 
but  a  fatal  error  was  committed  in  giving  a  theoretical  view 
of  its  mode  of  action.  For  if  a  power  could  be  annihilated, 
or,  in  other  words,  have  nothing  as  its  effect,  then  there  would 
be  no  contradiction  involved  in  the  belief,  that  out  of  nothing 
also  power  could  be  created.  To  this  erroneous  idea  we  may 
.  partly  trace  the  belief,  held  for  centuries  by  most  able  men,  in 
the  possibility  of  discovering  a  machine  which  should  renew 
within  itself  its  own  power  as  it  was  expended,  and  thus  ever 
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conlinne  in  motion,  withont  the  necessity  for  any  external 
motive  force.  The  discovery  of  such  a  perpetual  motion  waa, 
indeed,  worthy  of  every  effort.  It  would  lie  as  valuable  as 
the  bird  which  lays  the  golden  eggs ;  for  by  its  means  lubout 
would  be  performed,  and  money  made  in  abundance  without 
any  expenditure. 

A  masa  of  facta,  hilherto  naintolh'gible,  have  had  much 
Kght  thi'own  upon  them  by  a  more  correct  view  of  natural 
forces,  for  wliich  we  are  indebted  to  a  physician,  Dr.  Mayor, 
of  ITcilhronn,  and  which,  by  the  inveatigations  of  the  most 
eminent  natural  philosopbera  and  mathematicians,  has  attained 
a  significance  and  importance  scarcely  to  be  foreseen. 

According  to  Dr.  Mayer,  forces  are  cauaea,  in  which  full 
application  of  the  axiom  must  be  found,  that  every  cause 
must  produce  an  effect  which  corresponds  and  is  equal  to  the 
cause.  Causa  eequal  effectum.  Thus  if  a  cause  C  prodncea 
an  effect  E,  then  C  =  E.  Should  the  effect  E  become  the 
cause  of  another  effect  e,  then  also  E="e='C.  In  such  a 
chain  of  cauaea  and  effects  no  link,  or  part  of  a  link,  can  ever 
become  nothing  ^  nothing.  Shonld  a  given  cause  C  have  pro 
duced  its  correaponding  effect  E,  then  C  ceaaes  to  exist,  for 
it  has  been  converted  into  E.  Consequently,  as  C  passes  info 
E,  and  the  latter  into  e,  it  follows  that  all  these  causes,  aa  far 
as  relates  to  their  quantity,  possess  the  property  of  indealructi^ 
hilUy,  and  to  their  quality  that  of  eanverlihUili/.  In  number- 
less cases  we  see  a  motion  cease,  without  its  usual  effects 
being  produced,  anch  on  lifting  a  weight  or  load ;  but  as  the 
force  whicji  has  cauaed  the  motion  cannot  be  reduced  to 
nothing,  the  queation  ariseSj  what  form  has  it  assumed.  Ex- 
perience givca  the  answer,  by  showing  that  wherever  motion 
is  arrested  by  friction,  a  blow,  or  concussion,  heat  is  the  re- 
sult.    The  motion  is  the  cause  of  the  heat. 

The  rapid  friction  of  two  plates  of  metal  can  raise  their 
temperature  to  redness,  and  cause  the  ebullition  of  wafer  if 
the  friction  takes  place  below  ita  surface.     In  like  mannCT, 
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by  rapid  mution  the  iron  tires  of  carriage  wheels  become  fr^ 
qucntly  ao  hot  that  they  cannot  be  toached.  In  grinding 
Dccdle-pointa  the  steel  ia  heated  to  rednesB,  aod  tlie  detached 
particles  burn  with  sparka.  The  wooden  breaka  of  Kulway 
carriages  become  freqiienlly  60  hot  by  fi-iclion  tbat  their  snr 
ilice  emits  an  empyreumatic  odour.  By  tlie  friction  of  aa 
iron  grater,  particles  of  white  sugar  can  be  melted  and  heated 
HO  far  08  to  acquire  tbe  taste  of  burnt  sugar  (Ca^antel).  The 
heat  evolved  by  tbe  friction  of  two  pieces  of  ice  is  sui^enL  to 
melt  tliem. 

In  the  Engliab  Bteel-foundries  a  bar  of  steel  10  or  13 
inches  long-,  by  being  heated  at  one  end  In  a  forge,  ia  welded 
by  hammering  to  another  slender  bar,  10  or  12  feet  long, 
without  the  necessi^  of  further  direct  application  of  heat — a 
point  of  great  importance  for  the  preservation  of  the  good 
quality  of  the  ateel.  Every  spot  oa  which,  the  powerful  blows 
of  the  hanmjer  rapidly  descend,  becomes  red  hot,  and  to  the 
spectators  tbe  red  glow  of  heat  appears  to  run  up  and  down 
the  bar.  This  glow  ia  produced  by  the  blowa  of  the  hammer, 
and  correaponda  to  an  amount  of  heat  sufficient  to  raise  many 
ponnda  of  water  to  the  hoihng  point ;  whilst  the  end  of  tbe 
bar  heated  in  the  fire  would  scarcely  by  itself  raise  to  the 
same  temperature  as  many  otiaces  of  water. 

According  to  the  preceding  views  a  precise  comtecUoa 
exists  between  tbe  blows  of  tbe  hammer  (tbe  cause)  and  tbe 
heat  produced  (tlie  etfect)  ;  and  natural  pbUosopbera  have 
devised  the  most  ingeniooa  experiments  to  show  thia  relation. 
Tbe  working  power  is  in  thia  case  eonrerted  into  heat.  If 
Hie  view  of  Mayer  be  correct,  then  should  we  by  this  omoont 
of  heat  thus  obtained,  be  able  to  reproduce  the  same  amount 
of  work,  viz.,  the  same  number  of  blows  of  the  hammer.  But 
ft  closer  view  of  'be  point  sbowa  tliat  we  require  to  clerato 
the  hammer,  and  ihat  therefore  ila  working  power  was  not 
inherent,  but  only  lent  to  it.  The  bammer  was  elevated  by  ft 
water-wheel  set  in  motion  by  a.  certain  weight  of  water  Mlingi 
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e  biickels.  Tliua  to  raise  a  hammer  weigliing  ten  pouada 
to  the  height  of  one  foot  requires  at  least  the  fall  of  ten  pouncia 
weight  of  water  from  a  height  of  a  foot.  It  was  then,  properly 
speaking,  this  weight  of  faUing  water  which  produced  tlie 
heat  through  means  of  the  hammer.  By  simply  altering  tha 
arrangement  of  the  machinery,  the  same  force  would  have 
caused  a  mill-stone  to  revolve  with  great  rapidity  on  its  axis, 
□T  raised  by  friction  two  iron  disks  to  a.  rod  heat. 

From  experiments  instituted  to  elucidate  this  point,  it  has 
been  established  that  13,500  blows  of  a  hammer,  weighing  10 
pounds,  fulling  on  a,  bar  of  iron  from  a  height  of  one  foot,  pro- 
duce an  amount  of  heat  aufUciont  to  raise  one  pound  of  water 
from  the  freezing  point  to  that  of  i,bulLtion  This  fact  may 
be  represented  iu  another  way  by  saying,  that  1,350  cwts.  of 
water,  faOing  from  a  height  of  one  foot,  mil  raise  the  ttmper- 
ature  of  1  lb.  of  water  from  freezing  to  the  boilmg  pcmt ;  or 
1,350  lbs.  of  water  falling  from  the  same  height  will  raise  one 
pound  of  water  one  degree  in  temperature,  or  in  other  words, 
that  this  amount  of  heat  corresponds  to  a  working  power, 
capable  of  elevating  13};  cwt.  to  the  height  of  one  foot. 

Wherever  motion  is  lost  in  a  maeliine  by  friction  or  by 
concussion,  there  is  always  prodiioeii  a  correaponding  amount 
of  heat.  Wlion,  on  the  other  hand,  a  certain  quantity  of 
work  is  performed  by  heat,  there  disappears,  with  the  me- 
chanical effect  obtained,  a  certain  amount  of  heat,  which  ia 
expressed  by  saying  that  the  heat  loat  by  one  pound  of  water 
in  falling  one  degree  in  temperature,  is  equal  to  the  elevation 
of  13^  cwt,  to  the  height  of  one  foot.  This  quantity  of  heat 
becomes  then  the  equivalent  or  value  of  the  working  power 
expressed  by  the  above  numbers. 

This  constant  relation  between  heat  and  mechanical  move- 
ment has  been  confirmed  in  the  most  varied  manner,  A  fod 
of  metal  ia  extended  by  a  weight,  and  on  its  removal  resnmea 
ita  original  length,  provided  certain  limits  he  not  exceeded. 
3ie  some  effect  ia  produced  by  heat  j  and  it  ia  evident  tha4 
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an  equal  force  must  be  exerted  by  the  rod  in  its  extension 
as  in  its  contraction.  Now,  experiment  has  shown  that  the 
relation  expressed  by  the  numbers  above  given,  must  exist 
between  a  given  extension  of  a  bar  of  iron,  and  the  heat  or 
weight  which  has  caused  that  extension,  viz.,  that  a  quantity 
of  heat  sufficient  to  raise  a  pound  of  water  one  degree  hi 
temperature,  will,  when  communicated  to  a  bar  of  iron,  en- 
able it  to  elevate  a  weight  of  1,350  lbs.  to  the  height  of  one 
foot. 

An  interesting  application  of  this  fact  was  long  ago  made 
in  the  Conservatoire  des  Arts  et  M6tiers,  in  Paris.  In  this 
building,  which  was  formerly  a  convent,  the  nave  of  the  church 
was  converted  into  a  museum  for  industrial  products,  machines, 
and  implements.  In  its  arch,  traversing  its  length,  appeared 
a  crack,  which  gradually  increased  to  the  width  of  several 
inches,  and  permitted  the  passage  of  rain  and  snow.  The 
opening  could  easily  have  been  closed  by  stone  and  lime,  but 
the  yielding  of  the  side  walls  would  not  have  been  prevented 
by  these  means.  The  whole  building  was  on  the  point  of 
being  pulled  down,  when  a  natural  philosopher  proposed  the 
following  plan,  by  which  the  object  was  accomplished.  A 
number  of  strong  iron  rods  were  firmly  fixed  at  one  end  to  a 
side  wall  of  the  nave,  and  after  passing  through  the  opposite 
wall  were  provided  on  the  outside  with  large  nuts,  which 
were  screwed  up  tightly  to  the  wall.  By  applying  burning 
straw  to  the  rods,  they  extended  in  length.  The  nuts  by  this 
extension  being  now  removed  several  inches  from  the  wall, 
were  again  screwed  tight  to  it.  The  rods  on  cooling  con- 
tracted with  enormous  force,  and  made  the  side  walls  ap- 
proach each  other.  By  repeating  the  operation  the  crack 
entirely  disappeared.  This  building  with  its  retaining  rods 
is  still  in  existence. 

The  working  power  of  a  machine,  set  in  motion  by  elec- 
tricity, can  be  expressed  by  numbers,  in  the  same  way  as  the 
mechanical  efiect  of  heat.     An  electrical  current  is.  generated 
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nsy  a  rotating  magnet  or  by  solution  of  zinc  in  the  galvanic 
butt«ry.  Such  a  current,  in  circulating  through  a  thick  oi 
tliin  wire,  eshiliita  the  same  deportment  aa  a  fluid  flowing 
through  a  wide  or  narrow  tube.  Aa  a  given  quantity  of  fiuid 
requires  more  time  or  greater  pressure  to  pass  through  a  nar- 
row tube  than  through  a  large,  ao  a  thin  wire  olTera  a  greater 
resistance  than  a  thick  one  to  the  passage  of  a  current  of  elec- 
tricity. The  current  is  thus  retarded  and  diminished,  one 
portion  only  passing  through  the  conduefor,  the  other  being 
converted  into  beat.  According  to  the  amount  of  beat  thus 
produced  by  the  conyeraioa  of  the  electricity,  a  conducting 
wire  of  platinum  can  be  fused,  one  of  gold  fused  and  con- 
verted into  vapour,  and  a  considerable  quantity  of  water 
brooght  into  violent  ebullition  by  passing  the  current  through 
a  tliin  platinnm  wire  wound  round  a  glass  tube  in  a  spiral 

If  the  electrical  cairent  circulates  throagh  a  wire  wound 
spirally  round  a  bar  of  iron,  the  latter  ia  converted  into  a 
powerful  magnet  capable  of  attracting  and  carrying  several 
hundred  weights  of  iron.  The  electrical  is  converted  into  the 
magnetic  force,  by  whieh  a  machine  may  be  set  in  motion. 
The  power  of  attraction  communicated  to  the  iron  bar  is  in 
exact  proportion  to  the  amount  of  electricity  cireulaling  in 
the  surronudiTig  wire,  and  this  current  ia  again  dependent  oa 
the  property  of  the  conductor.  That  portion  of  electricity 
which  in  the  conductor  is  converted  into  heat,  produces  no 
power  of  attraction  in  the  iron  bar.  It  follows,  from  the 
foregoing,  that  the  quantity  of  electricity  winch  circulates,  of 
that  which  produces  heat,  and  the  amount  of  magnetic  power 
convertible  into  working  power,  stand  in  the  same  relation  to 
each  other,  as  the  working  power  producedSn  a  machine  by 
the  pressure  of  falling  water  to  the  heat  generated  by  friction 
and  concussion  in  the  same  machine.  Tlie  same  amount  of 
electricity  which,  whea  converted  iato  heat  by  the  resistance 
^tbB  coadoctor,  raises  by  one  degree  the  temperature  of  ona 
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pound  of  water,  generateB  a  magnetic  force  capable  of  eto-  ] 
vating  ft  weiglit  of  13J  cwt.  to  the  height  of  one  foot.  ] 

If  tlie  metallic  wire  tlirough  which  the  electricity  is  ur>  1 
culating,  be  cut,  Bud  bolh  ends  immarsod  in  water,  a  chemical 
dccompOBition  of  tUe  water  into  hydrogen  and  oxygen  takes 
place.  Xbe  circulating  electricity  is  converted  into  chemical 
affinity,  and  into  a  power  of  attradion  which  causes  the  scp* 
aralion  of  tlie  elements  of  water.  With  the  evolution  of  tJie 
hydrogen  and  oxygen  all  traces  of  the  electrical  current  dis- 
appear.  The  power  to  produce  heut  and  magnetic  force,  the 
usual  effects  of  the  electrical  current,  is  apparently  in  this 
case  anniliilated,  and  in  its  place  we  obtain  two  gases,  one  of 
which,  hydrogen,  when  burned  in  oxygon,  reproduces  water 
and  evoWes  beat.  Now  it  has  been  proved,  by  carei\il  ex- 
periments, that  an  electrical  current  of  a  ^ven  strength, 
which,  when  converted  into  heat  in  a  conductor,  is  CBjiahle 
of  raising  the  temperature  of  a  pound  of  water  by  one  degree, 
will  produce  by  the  decomposition  of  water  a  quantity  of  hy- 
drogen, by  the  combustion  of  which  one  pound  of  water  can 
also  be  elevated  one  degree  in  tfimperaturo. 

The  beat  and  power  of  attraction  which  were  apparently 
lost  by  the  decomposition  of  tlie  water,  had  only  become 
latent,  so  to  speak,  in  the  elements  of  water.  Thb  heat  is 
again  set  free  on  the  reunion  of  these  elements,  and  if  con- 
verted into  working  power,  would  produce  the  siime  result 
(viz.,  raising  a  given  weight  a  foot  high)  aa  would  have  been 
effected  by  a  magnetic  power  generated  by  a  quantity  of  eleo- 
tricity  circulating  round  a  bar  of  iron,  equal  to  that  which 
was  originally  employed  in  the  decomposition  of  the  water. 

The  electrical  current  is  the  consequence  of  a  chemical  I 
action^  and  the  ■amount  of  electricity  which  circulates  can  J 
therefore  be  measured  by  the  quarflily  of  zinc  which  ia  dia-  J 
solved.  The  chemical  force  (affinity)  is  coavertcd  by  the  I 
Bolufion  of  the  zinc  into  a  corresponding  quantity  of  else  f 
tricity  ;  and  this  again  in  the  conductor  into  its  equivalent  o£  1 
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heat,  or  Into  magnetic  force,  or,  as  in  the  case  of  the  decom- 
poaition  of  water,  into  chemical  force.  In  no  case  is  there  a 
diminution  or  increase  of  force.  If,  according  to  the  materi- 
alist, matter  is  indestructible,  the  same  holds  good  with  regard 
to  force.  It  is  not  extinguished ;  its  apparent  annihilation, 
its  disappearance,  is  only  a  conversion  into  some  other  form. 

We  Imow  now  the  origin  of  the  heat  and  light  which 
warm  and  illuminate  our  dwcUings,  of  the  heat  and  power 
generated  in  our  bodies  by  the  vital  process.  Plants  arc  the 
one  source  of  all  materials  used  for  the  production  of  heat 
and  light,  and  of  that  nourishment  which  must  be  daily  taken 
to  maintain  the  phenomena  of  vitality.  The  elements  of 
plants  are  earthy  in  their  nature,  and  are  obtained  from 
water,  eartli,  and  air.  In  plants,  certain  inorganic  com- 
pounds— carbonic  acid,  water,  and  ammonia — are  decom- 
posed. The  carbon  of  the  carbonic  acid,  the  hydrogen  of 
the  water,  and  the  nitrogen  of  the  ammonia,  are  retained  as 
constituents  of  their  organs,  but  the  oxygen  of  tlie  eajbonic 
acid  and  of  the  water  are  returned  as  gas  to  the  air.  With 
out  light,  however,  plants  cannot  grow. 

The  vital  process  in  plants  exhibits  itself  as  directly  oppo- 
site in  its  character  to  the  chemical  process  in  the  formation 
of  salts. 

Carbonic  acid,  water,  and  zinc,  when  brought  together  pro- 
duce a  certain  effect  on  each  other.  In  virtue  of  chemical 
affinity  there  ia  formed  a  white  powdery  compound,  contain- 
ing carbonic  acid,  zinc,  and  oxygen  from  the  water,  and 
hydrogen  ia  at  the  same  time  evolved. 

In  plants,  the  living  bud  or  part  of  the  plant  takes  the 
place  of  the  zinc.  By  their  growth  are  formed,  from  carbonic 
acid  and  water,  compounds  containing  carbon  and  hydrogen, 
or  carbon  and  the  elements  of  water,  and  oxygen  is  at  the 
same  time  evolved.  Sunlight  acts  in  living  plants  like  elec- 
tricity, which  arrests  the  natural  attraction  of  the  elements  of 
water,  and  separates  them  from  each  011ier> 
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Without  the  light  of  the  sun  plants  cannot  grow.  The 
living  germ,  the  green  leaf,  owe  to  the  sun  their  power  of 
transformiQg  earthy  elements  into  living,  vigorous  structures. 
The  germ  may,  indeed,  be  evolved  under  ground  without  the 
action  of  light,  but  only  when  it  breaks  through  the  surface 
of  the  soil  does  it  first  acquire  the  power,  by  the  sun's  rays, 
of  converting  inorganic  elements  into  its  own  structure.  The 
illuminating  and  heating  rays  of  the  sun,  in  thus  bestowiug 
life,  lose  their  own  light  and  heat.  Their  power  now  becomes 
latent  in  the  new  products  of  the  frame,  which  have  been 
produced  under  their  influence  from  carbonic  acid,  water,  and 
ammonia.  The  light  and  heat  with  which  our  dwellings  are 
illuminated  and  warmed  are  but  those  bestowed  by  the  sun. 

The  food  of  men  and  animals  consists  of  two  classes  of 
materials,  which  (Jiffer  totally  in  their  nature.  One  class  is 
destined  to  the  production  of  blood  and  the  maintenance  of 
the  structure  of  the  body ;  the  other  is  similar  in  composition 
to  ordinary  materials  for  combustion.  Sugar,  starch,  the 
gmn  of  bread,  may  be  regarded  as  transformed  woody  fibre, 
for  we  can  prepare  them  from  this  substance.  Fat,  in  its 
amount  of  carbon,  resembles  closely  mineral  coal.  We  heat 
oiu*  bodies  as  we  do  stoves,  by  combustibles  which  possess  the 
same  elements  as  wood  and  coal,  but  which  differ  essentially 
from  them  by  being  soluble  in  the  fluids  of  the  body. 

The  elements  of  nutrition  from  which  the  temperature  of 
the  body  is  derived,  evidently  produce  no  mechanical  power ; 
because  power  is  but  converted -heat,  and  the  heat  which 
maintains  and  elevates  the  temperature  of  the  body  does  not 
produce  any  other  effect  than  that  of  warmth. 

All  those  mechanical  operations  constantly  taking  place  in 
the  living  body,  in  the  movement  of  organs  and  limbs,  are 
dependent  on  an  accompanying  change  in  the  composition 
and  properties  of  those  highly  complex  sulphur  and  nitrogen 
constituents  of  the  muscles,  which,  though  furnished  by  the 
blood,  are  in  the  first  instance  derived  directly  from  the  food 
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of  man.  The  change  of  position  in  the  elements  of  these 
complex  bodies,  attendant  on  their  rearrangement  into  new 
and  simpler  compounds,  necessarily  gives  rise  to  motion  ;  and 
the  molecular  movement  of  the  particles  in  a  state  of  change 
is  transferred  to  the  muscular  mass.  Chemical  action  is  thus 
evidently  the  source  of  mechanical  power  in  bodies. 

The  elements  of  the  food  of  men  and  animals  which  give 
rise  to  power  and  heat,  are  produced  in  living  plants  only  by 
the  action  of  sunlight.  The  rays  of  the  sun  become  latent, 
so  to  speak,  in  them  in  the  same  way  as  the  current  of  elec- 
tricity becomes  latent  in  the  hydrogen  by  decomposition  of 
water. 

Man,  by  food,  not  only  maintains  the  perfect  structure  of 
his  body,  but  he  daily  lays  in  a  store  of  power  and  heat,  de- 
rived in.  the  first  instance  from  the  sun.  This  power  and 
heat,  latent  for  a  time,  reappears  and  again  becomes  active 
when  the  living  structures  are  resolved  by  the  vital  processes 
into  their  original  elements. 

The  rays  of  the  sim  add  daily  to  the  store  of  indestructi- 
ble forces  of  our  terrestrial  body,  maintaining  life  and  motion. 
Thus,  from  beyond  the  limits  of  our  earth,  the  body,  the  more 
earthly  vessel,  derives  all  that  may  be  called  good  in  it,  and 
.of  this  not  a  single  particle  is  ever  lost. 


392   THE  CONNECTION  AND  EQUIVALENCE  OF  F0BCE8. 

1 

an  equal  force  must  be  exerted  by  the  rod  in  its  extension  j 

as  in  its  contraction.     Now,  experiment  has  shown  that  the  ; 

relation  expressed  by  the  numbers  above  given,  must  exist 
between  a  given  extension  of  a  bar  of  iron,  and  the  heat  or 
weight  which  has  caused  that  extension,  viz.,  that  a  quantity 
of  heat  sufficient  to  raise  a  pound  of  water  one  degree  hi  | 

temperatiu*e,  will,  when  communicated  to  a  bar  of  iron,  en- 
able it  to  elevate  a  weight  of  1,350  lbs.  to  the  height  of  one 
foot.  ; 

An  interesting  application  of  this  fact  was  long  ago  made 
in  the  Conservatoire  des  Arts  et  M6tiers,  in  Paris.  In  this 
building,  which  was  formerly  a  convent,  the  nave  of  the  church 
was  converted  into  a  museum  for  industrial  products,  machines, 
and  implements.  In  its  arch,  traversing  its  length,  appeared  .» 
a  crack,  which  gradually  increased  to  the  width  of  several 
inches,  and  permitted  the  passage  of  rain  and  snow.     The  ^ 

opening  could  easily  have  been  closed  by  stone  and  lime,  but 
the  yielding  of  the  side  walls  would  not  have  been  prevented 
by  these  means.  The  whole  building  was  on  the  point  of 
being  pulled  down,  when  a  natural  philosopher  proposed  the 
following  plan,  by  which  the  object  was  accomplished.  A 
number  of  strong  iron  rods  were  firmly  fixed  at  one  end  to  a 
side  waU  of  the  nave,  and  after  passing  through  the  opposite 
wall  were  provided  on  the  outside  with  large  nuts,  which 
were  screwed  up  tightly  to  the  wall.  By  applying  burning 
straw  to  the  rods,  they  extended  in  length.  The  nuts  by  this 
extension  being  now  removed  several  inches  from  the  wall, 
were  again  screwed  tight  to  it.  The  rods  on  cooling  con- 
tracted with  enormous  force,  and  made  the  side  walls  ap« 
proach  each  other.  By  repeating  the  operation  the  crack 
entirely  disappeared.  This  building  with  its  retaining  rods 
is  still  in  existence. 

The  working  power  of  a  machine,  set  in  motion  by  elec- 
tricity, can  be  expressed  by  numbers,  in  the  same  way  as  the 
mechanical  effect  of  heat.     An  electrical  current  is.  generated 
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ON  THE  CORRELATION  OF  TIIE  PHYS- 
ICAL AND  VITAL  FORCES. 


L— RELATIONS  OF  LIGHT  JSD  HEAT  TO  THE  VITAL  FORCM 

OFFLAXT& 


IN  every  period  of  the  historj  r/f  VhynvAff^^  HiifffftjfU$ 
have  been  made  to  identifj  aH  the  ff/rct^n  a/rtin^  ht  i\uf 
Living  Bodj  with  those  operating  in  th«  Jnorj^ani/;  %iu\vtirt¥u 
Because  nmscolar  force,  when  bronglit  to  bear  on  the  }>f/Tutn^ 
moves  them  according  to  the  mechanical  laws  of  lever  action, 
and  because  the  propulsive  power  of  the  heart  drives  the 
blood  through  the  vessels  according  to  the  rules  of  hydraulics, 
it  has  been  imagined  that  the  movements  of  living  bodies  may 
be  explained  on  physical  principles ;  the  most  important  con- 
sideration of  aQ,  namety,  the  source  of  that  contractOe  power 
which  the  living  muscle  possesses,  but  which  the  dead  muscle 
(though  having  the  same  chemical  composition)  is  utterly  in- 
capable of  exerting,  being  altogether  left  out  of  view.  So, 
again,  because  the  digestive  process,  whereby  food  is  reduced 
to  a  fit  state  for  absorption,  as  well  as  the  formation  of  va« 
rious  products  of  the  decomposition  that  is  continually  taking 
place  in  the  living  body,  may  be  initiated  in  the  laf;onit/»ry 
of  the  chemist ;  it  has  been  supposi^d  that  tfie  aji[>ropriaifori 
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of  the  nutriment  to  the  production  of  the  living  organized 
tissues  of  which  the  several  parts  of  the  body  are  composed, 
is  to  be  regarded  as  a  chemical  action — ^as  if  any  combination 
of  albumen  and  gelatine,  fat  and  starch,  salt  and  bone-earthy 
could  make  a  living  Man  without  the  constructive  agency  in 
berent  in  the  germ  from  which  his  bodily  fabric  is  evolved. 

Another  class  of  reasoners  have  cut  the  knot  which  they 
could  not  untie,  by  attributing  all  the*  actions  of  living  bodies 
for  which  Physics  and  Chemistry  cannot  account,  to  a  hypo- 
thetical "  Vital  principle  ;"  a  shadowy  agency  that  does  every 
thing  in  its  own  way,  but  refrises  to  be  made  the  subject  of 
scientific  examination ;  like  the  "  od-force  "  or  the  "  spiritual 
power  "  to  which  the  lovers  of  the  marvellous  are  so  fond  of 
attributing  the  mysterious  movements  of  turning  and  tilting 
tables. 

A  more  scientific  spirit,  however,  prevails  among  the  best 
Physiologists  of  the  present  day ;  who,  whilst  fully  recogniz- 
ing the  fact  that  many  of  the  phenomena  of  living  bodies  can 
be  accounted  for  by  the  agencies  whose  operation  they  trace 
in  the  world  around,  separate  into  a  distinct  category — ^that 
of  vital  actions — such  as  appear  to  differ  altogether  in  kind 
from  the  phenomena  of  Physics  and  Chemistry,  and  seek  to 
determine,  from  the  study  of  the  conditions  under  which  these 
present  themselves,  the  laws  of  their  occurrence. 

In  the  prosecution  of  this  inquiry,  the  Physiologist  will 
find  it  greatly  to  his  advantage  to  adopt  the  method  of  philos- 
ophizing which  distinguishes  the  Physical  science  of  the  pres- 
ent from  that  of  the  past  generation ;  that,  namely,  which, 
whilst  fuUy  accepting  the  logical  definition  of  the  cause  of  any 
phenomenon,  as  "  the  antecedent,  or  the  concurrence  of  ante- 
cedents on  which  it  is  invariably  and  unconditionally  conse- 
quent" (Mill),  draws  a  distinction  between  the  dynamical 
and  the  material  conditions ;  the  former  supplying  the  power 
which  does  the  work,  whilst  the  latter  affords  the  instrumental 
means  through  which  that  power  operates. 
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of  man.  The  change  of  position  in  the  elements  of  these 
complex  bodies,  attendant  on  their  rearrangement  into  new 
and  simpler  compoimds,  necessarily  gives  rise  to  motion ;  and 
the  molecular  movement  of  the  particles  in  a  state  of  change 
is  transferred  to  the  muscular  mass.  Chemical  action  is  thus 
evidently  the  source  of  mechanical  power  in  bodies. 

The  elements  of  the  food  of  men  and  animals  which  give 
rise  to  power  and  heat,  are  produced  in  living  plants  only  by 
the  action  of  sunlight.  The  rays  of  the  sun  become  latent, 
so  to  speak,  in  them  in  the  same  way  as  the  current  of  elec- 
tricity becomes  latent  in  the  hydrogen  by  decomposition  of 
water. 

Man,  by  food,  not  only  maintains  the  perfect  structure  of 
his  body,  but  he  daily  lays  in  a  store  of  power  and  heat,  de- 
rived in.  the  first  instance  from  the  sun.  This  power  and 
heat,  latent  for  a  time,  reappears  and  again  becomes  active 
when  the  living  structures  are  resolved  by  the  vital  processes 
into  their  original  elements. 

The  rays  of  the  sun  add  daily  to  the  store  of  indestructi- 
ble forces  of  our  terrestrial  body,  maintaining  life  and  motion. 
Thus,  from  beyond  the  limits  of  our  earth,  the  body,  the  more 
earthly  vessel,  derives  all  that  may  be  called  good  in  it,  and 
.of  this  not  a  single  particle  is  ever  lost. 


1:04      CORKELATION  OF  PHYSICAL  AND  VITAL  F0E0E8. 

only  the  same  mechanical  force  acting  through  a  difiereui 
kind  of  instrumentality;  the  strokes  of  the  piston  of  the 
steam-engine  being  dependent  upon  the  elastic  force  of  the 
vapour  of  water,  whilst  the  revolution  of  the  water-wheel  is 
maintained  bj  the  downward  impetus  of  water  en  masse. 
But  to  what  antecedent  dynamical  agency  can  we  trace  these 
forces  ?  That  agency  in  each  case  is  Heat ;  a  force  altogether 
dissimilar  in  its  ordinary  manifestations  to  the  force  which 
produces  sensible  motion,  yet  capable  of  being  in  turn  con- 
verted into  it  and  generated  by  it.  For  it  is  from  the  Heat 
applied  beneath  the  boiler  of  the  steam-engine  that  the  non- 
elastic  liquid  contained  in  it  derives  all  that  potency  as  elastic 
vapour,  which  enables  it  to  overcome  the  vast  mechanical  re- 
sistance that  is  set  in  opposition  to  it.  And,  in  like  manner^ 
it  is  the  heat  of  the  solar  rays  which  pumps  up  terrestrial 
waters  in  the  shape  of  vapour,  and  thus  supplies  to  Man  a 
perrenial  source  of  new  power  in  their  descent  by  the  force 
of  gravity  to  the  level  from  which  they  have  been  raised.* 

The  power  of  the  steam-engine,  indeed,  is  itself  derived 
more  remotely  from  those  same  rays ;  for  the  Heat  applied 
to  its  boilers  is  but  the  expression  of  the  chemical  change  in- 
volved in  combustion  ;  that  combustion  is  sustained  either  by 
the  wood  which  is  the  product  of  the  vegetative  activity  of 
the  present  day,  or  by  the  coal  which  represents  the  vegeta- 
tive life  of  a  remote  geological  epoch ;  and  that  vegetative 
activity,  whether  present  or  past,  represents  an  equivalent 
amount  of  Solar  Light  and  Heat,  used  up  in  the  decomposi- 
tion of  the  carbonic  acid  of  the  atmosphere,  by  the  instru- 
mentality of  the  growing  plant.f  Thus  in  either  case  we 
come,  directly  or  indirectly,  to  Solar  Radiation  as  the  main- 

*  See  on  this  subject  the  recent  admirable  address  of  Sir  William  Arm- 
strong at  the  Meeting  of  the  British  Association  at  Newcastle. 

f  This  was  discerned  by  the  genius  of  George  Stephenson,  before  the 
general  doctrine  of  the  Correlation  of  Forces  had  been  given  to  the  world 
\>j  Mayer  and  Grove. 
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the  production  of  Motion,  Ileat,  Light,  and  Electricity  hy 

living  bodies ;  teaching  more  slightly  upon  the  phenomana  of 
Growth  and  Development,  which  constitute,  in  the  eye  of  tha 
physiologist,  the  dietioct  province  of  vitality.  In  a  memoir 
of  my  own,  "  On  the  Mutual  Relations  of  the  Vital  and  Fhys" 
icnl  Forces,"  published  in  the  PluloBophical  Transactions  fiW 
1850,*  I  aimed  to  show  that  the  general  doctrine  of  the  "Cor" 
relation  of  the  Physical  Forces "  propounded  by  Mr.  Grove, 
was  equally  applicable  to  those  Vital  forces  which  must  ba 
assumed  as  the  moving  powers  in  the  production  of  purely 
physiological  phenomena ;  these  forces  being  generated 
living  bodies  bj  tho  transformation  of  tlie  Light,  Heat-,  ani 
Chemical  Action  supplied  by  the  world  around,  and  bein^. 
given  back  to  it  again,  either  during  their  life,  or  aft«r  itft 
cessation,  chiefly  in  Motion  and  Heat,  but  also  to  a  less  A&r 
gree  in  Light  and  Electricity.  This  meraoir  attracted  but 
little  attention  at  the  time,  being  regarded,  I  believe,  as  toa 
epeculativQ  ;  bnt  I  have  since  had  abundant  evidence  that  thft 
minds  of  thoughtful  Physiologists,  as  well  as  Ph3raidBts,  are 
moving  in  the  same  direction ;  and  as  tha  progress 
since  the  publication  of  my  former  memoir,  wonld  lead  m» 
to  present  some  parts  of  my  scheme  of  doctrine 
formit  I  venture  to  bring  it  again  hofore  the  publi( 
form  of  a  sketch  (I  claim  for  it  no  othor  title),  of  the  aspect 
in  which  the  application  of  the  principle  of  the  "  Conservaw 
tion  of  Force  "  to  Physiology  now  presents  itself  to  my  mind*. 

■  At  this  date  the  labours  of  Dr.  Mayor  wore  not  known  dther  ti 
self  or  (so  far  aa  I  am  aware)  to  any  one  else  in  this  country,  save  thi 
Dr.  Bsily,  who  u  few  moDths  sfter  the  publication  of  mj  Mcmtrir,  placed  iU 
my  lioDdB  tlie  pamptilet,  "  IMo  Orgaoisclic  Bewegang ; "  to  which  I  took  tt 
eailieBt  opportnnitj'  in  my  power  of  drawing  public  atteutioa  in  "  The  Bri 
»h  and  Fordgn  Medico-OliimisiUBl  Review"  for  July,  1861,  p.  237, 

t  I  Lave  eapeoially  profited  bj  a  Memoir  on  the  Correlation  of  Phjdcal 
Chomical,  and  Vital  Force,  and  the  CoDserratioD  of  Force  in  Vital  Fbeuom 
eno,  by  Prof.  Lo  Conte  (of  South  Carolina  College),  in  Kiltiman's  AmericAK' 
Journal  for  Not.,  IBS9,  reprinted  in  Uie  Philosopbtcal  HHga^e  E#  1S60. 
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a  the  first  place,  we  inqaire  wliat  it  is  that  es:jentialtv 
ffistinguislies  Vital  from  every  kind  of  Physical  nctivity,  ivo 
find  this  distinction  most  characteristically  expressed  iii  the 
feet  that  a  germ  endowed  with  Life,  developos  itself  inln  an 
organism  of  a  type  resembling  that  of  its  parent ;  that  ihia 
organism  is  the  auhjcct  of  incessant  changes,  wliich  nit  tend 
in  the  first  place  to  the  evolution  of  ila  typical  fonn,  and  sidi- 
■equently  to  its  mainf«naaco  in  that  form,  uotwitliatanding  Iho 
antagonism  of  Chemical  and  Physical  agencies,  whidi  aru 
continually  tending  to  produce  its  disintegration ;  but  tliut,  us 
its  term  of  existence  is  prolonged,  its  consorvalive  power  do- 
dines  so  as  to  become  less  and  less  able  to  rosist  those  dismlu- 
grating  forces,  to  which  it  finally  Buccnrabu,  leaving  the  organ- 
ism to  be  resolved  by  their  agency  into  the  conipoaenM  from 
which  its  materials  wore  originally  drawn.  The  history  of  a 
living  organism,  then,  is  one  of  incessant  cAonja;  and  tlia 
conditions  of  this  chonge  are  to  bo  found  partly  in  llio  organ* 
ism  itself,  and  partly  in  tlic  external  agoueios  to  which  it  la 
subjected.  That  condition  wliich  is  inlierunt  in  the  organism, 
being  derived  htreditarily  from  its  progenitors,  may  Re  con- 
Teniently  termed  its  jermino/  eajiaciti/ ;  its  parallel  in  the  in- 
organic world  being  that  fundamental  diffurenco  in  proporiios 
which  constitutes  the  distinction  between  one  substance, 
whether  elementary  or  compound,  and  another ;  in  virtue  of 
which  each  "  behaves"  in  its  own  charactoristic  manner  wbon 
Bubjected  to  new  conditions. 

Thus,  althoogh  there  may  bo  nothing  in  the  aspect  or  8ett> 
Bible  properties  of  the  germ  of  a  Polype,  to  distinguish  from 
that  of  a  Man,  we  find  that  each  develops  itself,  if  tlie  requi- 
site conditions  be  supplied,  into  its  typical  form,  and!  no  other; 
if  the  developmental  conditious  required  by  either  be  not  sup- 
pUed  we  do  not  find  a  difiercnt  type  evolved,  but  no  evolution 

U  takes  place." 


n  of  till!  lower  triboa,  both  of  Planli 
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Now  the  difference  between  a  being  of  high  and  a  being 
of  low  organization  essentially  consists  in  this :  that  in  the 
latter  the  constituent  parts  of  the  fabric  evolved  by  the  pro- 
cess of  growth  from  the  original  germ,  are  similar  to  each 
other  in  structure  and  endowments,  whilst  in  the  former  they 
are  progressively  differentiated  with  the  advance  of  develop- 
ment, so  that  the  fabric  comes  at  last  to  consist  of  a  number 
of  organs^  or  instruments,  more  or  less  dissimilar  in  struc- 
ture, composition,  and  endowments.  Thus  in  the  lowest 
forms  of  Yegetable  life,  the  primordial  germ  multiplies  itself 
by  duplicative  subdivision  into  an  apparently  unlimited  num- 
ber of  cells,  each  of  them  similar  to  every  other,  and  capa- 
ble of  maintaining  its  existence  independently  of  them.  And 
in  that  lowest  Rhizopod  type  of  Animal  life,  the  knowledge 
of  which  is  among  the  most  remarkable  finiits  of  modem  bio- 
logical research,  "  the  Physiologist  has  a  case  in  which  those 
vital  operations  which  he  is  elsewhere  accustomed  to  see  car- 
ried on  by  an  elaborate  apparatus,  are  performed  without  any 
special  instruments  whatever ;  a  little  particle  of  apparently 
homogeneous  jelly  changing  itself  into  a  greater  variety  of 
forms  than  the  fabled  Proteus,  laying  hold  of  its  food  without 
members,  swallowing  it  without  a  mouth,  digesting  it  without 
a  stomach,  appropriating  its  nutritious  material  without  absorb- 
ent vessels  or  a  circulating  system,  moving  from  place  to  place 
without  muscles,  feeling  (if  it  has  any  power  to  do  so)  with- 
out nervesf  propagating  itself  without  genital  apparatus,  and 

and  Animals,  especially  the  Fungi  and  Entozoa — similar  genns  may  devel- 
op themselves  into  very  dissimilar  forms,  according  to  the  conditions  un- 
der which  they  are  evolved ;  but  such  diversities  are  only  the  same  kind  as 
those  which  manifest  themselves  among  individuals  in  the  higher  Plants  and 
Animals,  and  only  show  that  in  the  types  in  question  there  is  a  less  close 
conformity  to  one  pattern.  Neither  in  these  groups,  nor  in  that  group  of 
Foraminifera^  in  which  I  have  been  led  to  regard  the  range  of  variation 
as  peculiarly  great,  does  any  tendency  ever  show  itself  to  the  assumption 
of  the  characters  of  any  group  fundamentally  dissimilar. 
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mat  only  this,  but  in  many  instances  forming  slioUy  i^voriu^ 
of  a  ajnunetrj  and  complexity  not  surpassed  by  those  of  any 
testaceous  animals/**  whilst  the  mere  separation  of  a  tVa^ 
VMBDt  of  this  jelly  is  sufficient  to  originate  a  new  and  iudo* 
pendent  organism,  so  that  any  number  of  these  beiu^  may 
be  prodoced  by  the  successive  detachment  of  such  partioUva 
finim  a  single  Rhizopod,  each  of  them  retaining  (so  far  liai  wo 
liave  at  present  the  means  of  knowing)  the  characteristic  eu« 
dowments  of  the  stock  fi:x>m  which  it  was  an  ottset. 

When,  on  the  other  hand,  we  watch  the  evolution  of  any 
of  the  .higher  types  of  Organization,  wlicthor  vogiUablo  or 
animal,  we  observe  that  although  in  the  first  iustauce  the  prU 
mordial  cell  multiplies  itself  by  duplicative  subdivision  into 
an  aggregation  of  cells,  which  are  apparently  but  n'^potitiouii 
of  itself  and  of  each  other,  this  homogi^ueous  exteusii»u  has 
in  each  case  a  definite  limit,  speedily  giving  place  to  a  struct 
tural  differentiation,  which  becomes  more  and  more  deciiled 
with  the  progress  of  development,  until  in  that  most  hetonw 
geneous  of  aU  types — the  Human  Organism — no  two  parts  are 
precisely  identical,  except  those  which  correspond  to  each 
other  on  the  opposite  sides  of  the  body.  With  this  structural 
differentiation  is  associated  a  correspoudiug  difieiH^utiation  of 
ftinction ;  for  whilst  in  the  life  of  the  most  highly  developed 
and  complex  organism  we  witness  no  act  which  is  not  fore- 
shadowed,  however  vaguely,  in  that  of  the  lowest  and  sim* 
plest,  yet  we  observe  in  it  that  same  "  division  of  labour " 
which  constitutes  the  essential  characteristic  of  the  highest 
grade  of  civilization.  For,  in  what  may  be  termed  the  ele- 
mentary form  of  Human  Society,  in  which  every  individual 
relies  upon  himself  alone  for  the  supply  of  all  his  wants,  no 
greater  result  can  bo  obtained  by  the  aggregate  action  of  the 
entire  community  than  its  more  maintt)nance ;  but  as  each  in- 

*  See  the  Author's  Introduction  to  the  Study  of  tlie  Foraminifora,  pub* 
fished  by  the  Ray  Society,  1862 :  Preface,  p.  vii. 
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rtividuftl  selecUi  &  special  mode  of  activity  for  himaelf,  t 
aiina  at  improvement  in  thnt  ajiet^ially,  he  finds  himself  attain- 
ing a  higher  and  etill  higher  degree  of  aptitude  for  it ;  and  I 
thia  Bpecializalion  tends  to  increase  as  opportiuiitios  arise 
new  modes  of  activity,  until  that  complex  tahric  is  evolved  ( 
which  constitutes  the  most  developed  form  of  the  Social  State 
whureia  every  individual  finds  the  work — mental  or  bo^y—  | 
for  which  he  b  best  filled,  and  in  which  he  may  reach  the  I 
highest  attainahlff  perfection ;  while  the  mutual  dependence  i 
of  the  whole  (which  is  tlio  necosBaiy  result  of  this  spccializa-  . 
tion  of  parts)  is  such  that  every  individual  works  Xor  the  \ 
benefit  of  all  his  fellows,  aa  well  as  for  his  own.  As  it  i 
only  in  such  a  stale  of  society  that  tLe  greatest  Iriumplis  of  J 
human  ability  become  possible,  so  is  it  only  in  the  most  dif'  ' 
ferentiated  typfes  of  Organization  thnt  Vila!  Activity  can  pre-  I 
sent  its  highest  manifestations.  In  the  one  case,  as  in 
other,  does  the  result  depend  upon  a  process  of  gradual  devel'  t 
opmetit,  in  which,  under  the  influence  of  agencies  whose  iia»  I 
ture  constitutes  a  proper  object  of  scientific  inquiry,  that  most  I 
general  form  in  which  the  fabric — whether  corporeal  or  social  1 
— originates,  evolves  itself  into  thnt  most  special  in  which  ita  1 
development  culminates. 

But  notwithstanding  the  wonderful  diversity  of  structure 
and  of  endowments  which  we  moot  with  in  the  study  of  any  J 
complex  Organism,  we  encounter  a  harmooioua  unity  or  coor- 
dination in  its  entire  aggregate  of  actions,  which  is  yet  more 
wonderful.     It  ia  in  this  harmony  or  coordination,  whose  ten- 
dency is  to  the  conservalioa  of  the  organism,  that  the  state  of  I 
Uaallh  or  Normal  life  essentially  consists.     And  the  more  I 
profound  our  investigations  of  its  conditions,  the  more  definit 
becomes  the  conclusion  to  which  we  are  led  by  the  study  o 
them — that  it  is  (undamentally  baaed  on  the  common  ori^.l 
of  all  those  diversified  parts  in  the  same  germ,  the  vital  en-  I 
dowments  of  which,  equally  diffused  throughout  the  entire  I 
fabric  in  those  lowest  forms  of  organLtation  in  which  every  J 


part  is  but  a  repetition  of  every  other,  are  difforentiatod  in 
tlie  highest  amon^t  a  variety  of  organs,  aoqiiiring  in  virtue 
of  this  difibrenliatton  a  much  greater  intensity, 

.  Thus,  then,  we  may  take  that  mode  of  Vital  Activity 
vrhich  manifests  itself  in  the  evolution  of  the  germ  into  the 
complete  organism  repeating  the  type  of  its  parent,  and  tlie 
subsequent  maiDtcnance  of  that  orgamam  in  its  integrity,  in 
the  one  case  as  in  the  other,  at  the  expense  of  maleriula  de- 
rived from  ojcternol  sources — as  the  meet  utaiversal  and  most 
fundamental  characteristic  of  Life  ;  and  we  have  now  to  con- 
aider  the  nature  and  source  of  the  Faroe  or  Power  by  which 
that  evolution  is  brought  about.  The  prevalent  opinion  hae 
ontil  lately  been,  that  this  power  is  inherent  in  the  germ ; 
which  has  been  supposed  to  derive  fi-om  its  parent  not  mei'ely 
its  material  substance,  but  a  nitui  /ormatiTius,  lildungsfrieb, 
or  germ  force,  in  virtne  of  which  it  builds  itself  up  into  the 
likeness  of  its  parent,  and  maintains  itself  in  that  likeness 
until  the  force  is  exhausted,  at  the  same  time  imparting  a 
fraction  of  it  to  each  of  its  progeny.  In  this  mode  of  view- 
ing the  subject,  all  the  organizing  force  required  to  build  up 
an  Oak  or  a  Palm,  an  Elephant  or  a  Whale,  must  be  coucen- 
tralud  in  a  minute  particle,  only  discernible  by  microscopic 
aid,  and  the  aggregate  of  all  the  germ-forces  appertaining  to 
the  descendants,  however  numerous,  of  a  common  parentage, 
must  have  existed  in  their  original  progenitors,  Thus  in  the 
case  of  the  successive  viviparous  broods  of  Aphides,  a  germ- 
foico  capable  of  organizing  a  mass  of  living  structure,  which 
would'  amount  (it  has  been  calculated)"  in  the  tenth  brood 
to  the  bulk  of  five  hundred  millions  of  stout  men,  must  have 
been  shut  up  in  the  single  individual,  weighing  perhaps  the 
1-lOOOth  of  a  grain,  from  which  the  first  brood  was  evolved. 
And  in  like  manner,  the  germ-force  which  has  organized  the 

"  Bob  PtoE  Huiley  oa  Uio  "  Agamic  Reproduction  of  Aijhiu,"  in  Linn, 
Tiwu.,  vol.  aJL,  p.  310. 
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dividual  selects  u  special  mode  of  BCtiTit^  for  himself,  and 
oima  uL  impruvement  in  thai  apoi'ialt^,  he  linds  himself  attain- 
ing  ft  higher  and  still  higher  degree  of  aptitude  for  it;  and, 
thin  specualiitation  tends  to  increase  as  oppoitanities  arise 
new  modes  of  activity,  until  that  complex  fabric  is  evolved 
which  constitutes  the  most  developed  form  of  the  Social  3tata 
wherein  every  individual  finds  the  work — mental  or  bodily-— 
for  which  he  is  best  fitted,  and  In  which  he  may  reach  the 
liighest  attainable  perfection ;  while  the  mutual  dependence 
of  the  whole  (which  is  the  necessary  result  of  this  specializa- 
tion of  parta)  Is  such  that  every  individual  works  -for  tha 
benefit  of  all  his  fellows,  as  well  as  for  his  own.  As  it  is 
only  in  such  a  atalc  of  society  that  the  greatest  triumphs  c 
human  ability  become  possible,  ao  is  it  only  in  the  moat  di 
ferentiated  typta  of  Organization  that  Vital  Activity  can  pre- 
sent its  highest  manifestalions.  In  the  one  case,  as  in 
other,  does  the  result  depend  upon  a  process  of  gradual  devd- 
opmmtl,  in  which,  under  the  influence  of  agencies  whose  i 
ture  constitutes  a  proper  object  of  scientific  inquiry,  that  moat 
general  form  in  which  the  fabric — whether  corporeal  or  social 
— originates,  evolves  itself  into  that  most  rpeoial  in  which  iU 
development  eulminates. 

But  notwithstanding  the  wonderful  diversity  of  structure 
and  of  endowments  which  we  meet  with  in  the  study  of  any 
complex  Organism,  we  encounter  a  harmonious  naitf  or  oo5p- 
dination  in  its  entire  aggregate  of  actions,  which  is  yet  mora 
wonderful.  It  is  in  this  harmony  or  coiirdination,  whose  ten- 
dency is  to  the  conservation  of  the  organism,  that  the  state  of 
Health  or  Normal  life  essentially  consists.  And  the  i 
profound  our  investigations  of  its  conditions,  tho  more  definitA 
becomes  the  conclusion  to  which  we  are  led  by  tho  study  o£ 
them — that  it  is  fundamentally  based  on  the  common  origin 
of  all  these  diversified  parts  in  the  same  germ,  the  vital  en- 
dowments of  which,  equally  difiiased  throughout  the  entire 
fabric  in  those  lowest  forms  of  organization  in  which  every 
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part  is  but  a  repetition  of  every  other,  are  difforentiated  in 
the  higlieat  amongst  a  variety  of  organs,  acquiring  in  virtue 
of  this  differentiation  a  much  greater  intensity. 

.  Thus,  then,  we  may  take  lliat  mode  of  Vital  Activity 
'which  manifests  itself  in  the  evolution  of  the  germ  into  the 
complete  organism  repeating  the  type  of  its  parent,  and  the 
subsequent  maintenance  of  tliat  orgaixism  in  its  integrity,  in 
tlie  one  case  as  in  the  other,  at  the  expense  of  materials  de- 
rived from  external  sources — as  the  moat  uhiveraal  and  most 
fundamental  characteristic  of  Life  ;  and  we  have  now  io  cou- 
eider  the  nature  and  source  of  the  Force  or  Power  by  which 
that  evolution  is  brought  about.  The  prevalent  opinion  haa 
until  lately  been,  that  this  power  is  inherent  in  the  germ ; 
which  haa  been  supposed  to  derive  trom  its  parent  not  merely 
its  material  substance,  but  a  nisus  formaiiiias,  hildungstrieb, 
or  germ  force,  iu  virtue  of  which  it  builds  itself  up  into  the 
liiceness  of  its  parent,  and  maintains  itself  in  that  likeness 
until  the  force  ia  exhausted,  at  the  same  time  imparting  a 
fraction  of  it  to  each  of  its  progeny.  In  tliia  mode  of  view- 
ing the  subject,  ad  the  organizing  foroe  required  to  build  up 
an  Oak  or  a  Palm,  an  Elephant  or  a  "Wlialc,  must  be  concen- 
trated in  a  minute  particle,  only  discernible  by  microscopic 
aid,  and  the  aggregate  of  all  the  geim-forccs  appertaining  to 
the  descendants,  however  numerous,  of  a  common  parentage, 
must  have  esistad  in  their  original  progenitors.  Thus  in  the 
case  of  the  sacccsaive  viviparous  broods  of  Aphides,  a  germ- 
foiee  capable  of  organizing  a  mass  of  living  structure,  which 
would  amount  (it  has  been  calculated)*  in  the  tenth  brood 
to  the  bulk  of  five  hundred  millions  of  stout  men,  must  have 
been  shut  up  in  the  single  individual,  weighing  perhaps  the 
1-lOOOth  of  B  grfun,  from  which  the  first  brood  was  evolved. 
And  in  like  manner,  the  germ-force  which  has  organized  the 


•  Bee  Pro£  Euilej  on  tlie  "  Agamic  ReproJuclioc  of  Apliii,"  ia  lino. 
I.,  vol.  xiiL,  p.  215. 
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dividual  selecta  a  Hpecial  mode  of  activity  for  himself,  and  I 
aims  at  improvaniont  iu  ihat  gpctialty,  lie  finds  himself  attain*  I 
ing  a  higher  and  etill  higher  degree  of  apliliide  for  it ;  and  I 
thia  Bpeciahzation  leads  to  increarie  as  opportunitiea  arise 
aew  modes  of  activity,  until  that  complex  fabric  is  evolved  { 
■which  conalitutes  the  most  developed  form  of  the  Social  State 
wherein  every  indiriduiil  tinds  the  work — mealul  or  bodily-—   j 
for  which  he  is  best  fitted,  and  in  which  he  may  reach  llie  [ 
highest  attainable  perfertion ;  while  the  mutual  dependen 
of  the  whole  (which  is  iho  necessary  result  of  this  spacializ»-  I 
tion  of  parts)  is  snch  that  every  individual  works  Sot  the  | 
benefit  of  all  his  fellows,  as  well  as  for  his  own.     As 
only  in  such  a  state  of  society  that  the  greatest  triumphs  of  1 
human  ability  become  possible,  so  Is  it  only  in  the  most  dif- 
ferentiatod  typfea  of  Organization  that  Vital  Activity  can  pre- 
sent its  highest  muaifestationa.     In  the  one  case,  as  in 
other,  does  the  result  depend  upon  a  process  of  gradual  devd- 
opmrnit,  in  which,  under  the  influence  of  agencies  whose  na-  I 
ture  oonslitutes  a  proper  object  of  scientific  inquiry,  that  mort  1 
general  form  in  which  the  falirii, — whether  corporeal  or  social  1 
— originates,  evolves  itself  into  lliat  most  special  in  which  its  1 


But  notwillistanding  the  wonderful  diversity  of  structure  I 
and  of  endowments  which  we  meet  with  in  the  study  of  any  I 
complex  Organism,  we  encounter  a  harmonious  nnity  or  co5r-  | 
dination  in  its  entire  aggregate  of  actions,  which  is  yet  i 
wonderful.     It  is  in  this  harmony  or  coiirdination,  whose  ten- 
dency is  to  the  conservation  of  the  organism,  that  the  state  of  j 
Health  or  Norm^  life  essentially  consists.     And  the  i 
profound  om-  investigations  of  its  conditions,  the  more  definite  \ 
becomes  the  conclusion  to  which  we  are  led  by  the  stady  o 
them — that  it  is  fundamentally  based  on  the  conunon  ori^ftj 
of  all  these  diversified  parts  in  the  same  germ,  the  vital  e 
dowments  of  which,  equally  diflused  throughout  the  entire  I 
tabric  in  tiiose  lowest  forms  of  organization  in  which  ever 


THE  FOSDAMESTAL   CEASACTEBISTIO  OF  LIFE. 

p&rt  is  but  &  repetition  of  every  other,  are  differentiated  in 
the  highest  amongst  a,  variety  of  organ?,  acquiring  in  virlua 
of  this  differendatioD  a  mueh  greater  intensity. 

.  Thus,  then,  we  may  take  that  mode  of  Vital  AcLivily 
which  manifests  itself  in  the  evolution  of  the  germ  into  tlia 
complete  organism  repeating  the  type  of  its  parent,  and  tlis 
subsequent  maintenance  of  that  organism  in  its  integrity,  in 
the  one  case  aa  in  the  other,  at  the  expense  of  materials  de- 
rived from  external  sources — as  the  most  uhivorsal  aud  must 
fundamental  characleristic  of  Life ;  and  we  have  now  to  con- 
aider  the  nature  and  source  of  the  Force  or  Power  by  whieh 
that  evolution  b  brought  about.  The  prevalent  opinion  has 
until  lately  been,  tluit  this  power  is  iaherent  in  the  germ ; 
whieh  has  been  supposed  to  derive  from  its  parent  not  merely 
its  material  substance,  but  a  nisua  format'tvus,  bUdungsfricb, 
or  gern  force,  in  virtue  of  which  it  builds  itself  up  into  tlio 
likeness  of  its  parent,  and  mainlains  itBcif  in  that  likeness 
until  the  force  is  eshausted,  at  the  same  time  imparting  a 
fraction  of  it  to  each  of  its  progeny.  In  this  mode  of  view- 
iug  the  Bubjcct,  aU  tho  orgaoiziug  force  required  lo  build  up 
an  Oak  or  a  Falm,  an  Elephant  or  a  Whale,  must  be  concen- 
trated ia  a  minute  particle,  only  discernible  by  microscopic 
aid,  and  the  aggregate  of  all  the  gorm-forcos  appertainiog  to 
the  descendants,  however  numerous,  of  a  common  pai'eatagi', 
must  have  existed  in  their  original  progenitors,  llius  ia  the 
case  of  the  succeBsive  viviparous  brooils  of  Aphides,  a  germ- 
foice  capable  of  organizing  a  mass  of  living  structure,  nhich 
would'  amount  (it  has  been  calculated)'  in  tho  tenth  brood 
to  the  bulk  of  five  hundred  millions  of  slout  men,  must  Imie 
been  shut  up  in  the  single  individual,  weighing  perhaps  the 
l-lOOOth  of  a  grain,  from  which  tho  first  brood  ivas  evolved. 
And  in  like  manner,  the  germ-force  which  has  organized  the 

■  See  Prof.  Huxley  on  the  "  Agnuiic  Bcproduolion  of  Apluu,"  iu  liiia 
Xeuu,,  toL  ixiL,  p.  215. 
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■  dividual  selects  a  special  mods  of  activity  for  himself,  and 
aiina  ut  impruvemeul  in  that  specialty,  he  frnds  liiinai-U'  attain- 
ing  a  higher  and  Btill  higher  degree  of  aptitude  for  it ;  and 
thid  Bpeciolization  tends  to  increase  ua  opportunities  ari^  for 
I  new  modes  of  activity,  until  that  complex  fahrie  is  evolved 
I  irhich  constitutes  the  most  developed  form  of  the  Social  Stata 
r  wherein  every  ladividnul  finds  the  work — mental  or  bodily^ 
lor  which  he  is  best  fitted,  and  in  which  he  may  reach  tlie 
higheijt  attainable  perfection ;  while  the  mutual  dependence 
of  the  whole  (which  is  the  necessary  result  of  Ihia  Bpecializa- 
tiou  of  parts)  b  such  that  Qvery  individual  works  for  the 
benefit  of  aU  bis  fellows,  as  well  as  for  his  own.  As  it  ia 
only  in  such  a  state  of  society  that  the  greatest  triumphs  of 
human  ability  became  possible,  so  is  it  only  in  the  most  dif- 
lerentiated  typbs  of  Organization  that  Vital  Activity  can  pre- 
sent its  highest  maniiestations.  In  the  one  cose,  as  in  the 
other,  does  the  result  depend  upon  a  process  of  gradual  devel' 
opment,  in  which,  under  the  influoneo  of  agonciea  whose  na- 
ture constitutes  a  proper  object  of  scientiflc  inquiry,  that  moat 
general  form  in  which  the  fabric — whether  corporeal  or  social 
— originates,  evolves  itself  into  that  most  spoetoi  in  which  ita 
development  culminates. 

But  notwithstanding  the  wonderful  iliversity  of  strncture 
and  of  endowments  which  we  meet  with  in  the  study  of  any 
complex  Organism,  we  eucounfcr  a  harmonious  unity  or  coor- 
dination in  its  entire  aggregate  of  actions,  which  is  yet  more 
wonderful.  It  is  in  this  harmony  or  coijrdinalion,  whose  ten- 
dency is  to  the  conservation  of  the  organism,  that  the  state  of 
Health  or  Normal  life  essentially  consists.  And  the  more 
profound  our  investigations  of  its  conditions,  the  more  definite 
I  becomes  the  conclusion  t*j  which  we  arc  led  by  the  study  of 
.  them — that  it  is  fundamentally  based  on  the  common  origin 
of  all  these  diversified  parts  in  the  same  germ,  the  vital  en- 
dowments of  which,  equally  diffused  throughout  the  entire 
fabric  in  those  lowest  forms  of  organization  in  which  erory 
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t  is  but  a  rcpetitioa  of  every  other,  are  differentiated  ia 
the  Lighcat  amongst  a  variety  of  organs,  acquiring  in  virtue 
of  this  difTercntiation  a  mueh  grealur  intensity. 

.  Thus,  then,  we  may  take  that  mode  of  Vital  Activity 
'which  manifests  itself  in  the  evolutioa  of  the  germ  into  the 
complete  organism  repeating  the  type  of  Its  parent,  and  the 
subsequent  mointenaDce  of  that  organism  in  its  integrity,  in 
the  one  case  as  in  the  otlier,  at  the  expense  of  materials  de- 
rived from  external  sources — as  the  most  universal  and  most 
fundamental  charaoteristic  of  Life  ;  and  we  have  now  to  con- 
sider the  nature  and  source  of  the  Force  or  Tower  hy  which 
that  evolution  is  brought  about.  The  prevalent  opinion  has 
until  lately  been,  tliat  this  power  is  inherent  in  the  germ; 
which  has  been  supposed  to  derive  from  its  parent  not  merely 
its  material  substance,  but  a  nisua  formativus,  bilditngUrieb, 
or  germ  force.,  in  virtue  of  which  it  builds  itself  up  into  the 
likeness  of  its  parent,  and  maintains  itself  in  that  likeness 
nntil  the  force  is  exhausted,  at  the  same  time  imparting  a 
fraction  of  it  to  each  of  its  progeny.  In  this  mode  of  view- 
ing the  subject,  all  the  organizing  force  rec[iiired  to  buUd  up 
an  Ouk  or  a  Palm,  an  Elephant  or  a  Whale,  must  be  concen- 
trated in  a  minute  particle,  only  discernible  by  microscopic 
aid,  and  the  aggregate  of  all  the  germ-forces  appei'taining  to 
the  descendants,  however  numerous,  of  a  commou  pai'eutagc, 
must  have  existed  in  their  original  progenitors.  Thus  in  the 
case  of  the  successive  viviparous  broods  of  ApJiides,  a  germ- 
foice  capable  of  organizing  a  mass  of  living  structure,  which 
would  amount  (it  has  been  calculated)*  in  the  tenth  brood 
to  the  bulk  of  tiye  hundred  miUions  of  stout  men,  must  have 
been  shut  up  in  the  single  individual,  weighing  perhaps  the 
1-lOOOth  of  a  grwn,  from  which  the  first  brood  was  evolved. 
And  in  like  manner,  the  germ-force  which  has  organized  the 

■  See  FroC  Emlej  oa  Ihe  "  Agamic  Reproduolion  of  Aphiu,"  ia  lino, 
I.,  voL  xxiL,  p.  316. 
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bodies  of  all  the  individual  men  that  have  lived  from  Adam 
to  the  present  day,  must  have  been  concentrated  in  the  body 
of  their  common  ancestor.  A  more  complete  reductio  ad  ah- 
surdum  can  scarcely  be  brought  against  any  hypothesis  ;  and 
we  may  consider  it  proved  that  in  some  way  or  other,  fresh 
organizing  force  is  constantly  being  supplied  from  without 
during  the  whole  period  of  the  exercise  of  its  activity. 

When  we  look  carefully  into  the  question,  however^  we 
find  that  what  the  germ  really  supplies  is  not  the  force,  but 
the  directive  agency  ;  thus  rather  resembling  the  control  exer- 
cised by  the  superintendent  bmlder,  who  is  charged  with 
working  out  the  design  of  the  architect,  than  the  bodily  force 
of  the  workmen  who  labour  under  his  guidance  in  the  con- 
struction of  the  fabric.  The  actual  constructive  force,  as  we 
learn  from  an  extensive  survey  of  the  phenomena  of  life,  is 
supplied  by  Heat,  the  influence  of  which  upon  the  rate  of 
growvth  and  development,  both  animal  and  vegetable,  is  so 
marked  as  to  have  universally  attracted  the  attention  of  Phys- 
iologists, who,  however,  have  for  the  most  part  only  recognized 
in  it  a  vital  stimulus  that  calls  forth  the  latent  power  of  the 
germ,  instead  of  looking  upon  it  as  itself  furnishing  the  power 
that  docs  the  work.  It  has  been  from  the  narrow  limitation 
of  the  area  over  which  physiological  research  has  been  com- 
monly prosecuted,  that  the  intimacy  of  this  relationship  be- 
tween Heat  and  the  Organizing  force  has  not  sooner  become 
apparent.  Whilst  the  vital  phenomena  of  Warm-blooded  ani- 
mals, which  possess  within  themselves  the  means  of  main- 
taining a  constant  temperature,  were  made  the  sole,  or  at  any 
rate  the  chief  objects  of  study,  it  was  not  likely  that  the  in- 
quirer would  recognize  the  ftdl  influence  of  external  heat  in 
accelerating,  or  of  cold  in  retarding  their  functional  activity. 
It  is  only  when  the  survey  is  extended  to  Cold-blooded  ani- 
mals and  to  Plants,  that  the  immediate  and  direct  relation  be- 
tween Heat  and  Vital  Activity,  as  manifested  in  the  rate  of 
growth  and  development,  or  of  other  changes  peculiar  to  the 
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ing  hody,  IS  uainistakahly  raftnifestod.  To  some  di'  thoae 
phenomena,  which  aiford  the  best  illnatratioiiB  of  the  mode 
in  which  Heat  acta  upon  the  living  organism,  attention  will 
now  be  directed. 

Commencing  with  the  Vegetable  kingdom,  we  find  that  the 
operation  of  Heat  as  the  motive  power  or  dynamical  agency, 
lo  which  tho  phenomena  of  growth  and  development  are  to  l>e 
referred,  ia  pei^nliarly  well  seen  in  the  process  of  Gennina- 
tioa.  The  seed  consists  of  an  embrjo  which  has  already  ad- 
vanced to  a  certain  alage  of  development,  and  of  a  store  of 
nntrimeut  laid  np  as  the  material  for  ila  further  evolution ; 
and  in  the  fact  that  this  evolution  is  carried  on  at  the  expense 
of  organic  corapoimds  already  prepared  by  extrinsic  agency, 
tmtil  (tho  store  of  those  being  exhausted)  the  young  plan!  is 
snfliciently  far  advanced  in  its  development  to  be  able  to  elab- 
orate them  for  itself,  the  conditioD  of  the  germinating  embryo 
resemblefi  that  of  an  Amraal.  Now,  the  seed  may  remain 
(under  favourable  drciunstauces)  in  a  state  of  absolute  inac- 
tion during  an  unlimited  period.  If  secluded  from  the  ireo 
access  of  air  and  moisture,  and  kept  at  a  low  temperature,  it 
is  removed  from  all  iofluencea  that  would  on  tiie  one  hand 
occasion  its  disintegration,  or  on  the  other,  would  cjiM  it  into 
active  life.  But  when  again  ejtposcd  to  air  and  moisture,  and 
subjected  to  a  higher  temperature,  it  either  germinates  or  de- 
cays, according  as  the  embryo  it  contains  has  or  has  not  pre- 
served its  vital  endowments — a  question  which  only  experi- 
ment can  resolve.  The  process  of  germination  is  by  no  means 
a  simple  one.  The  nutriment  stored  up  In  the  seed  is  in  groat 
part  in  the  condition  of  insoluble  starch ;  and  this  mnst  be 
brought  into  a  soluble  form  before  it  can  be  appropriated  by 
the  embryo.  The  metamorphosis  is  effi^cted  by  the  agency  of 
a  ferment  termed  diastase,  which  is  laid  up  in  the  immedial« 
neighbonrhood  of  the  embryo,  and  which,  when  brought  to 
act  on  starch,  converts  it  in  the  first  instance  into  soluble  dex- 
trine, and  then  (if  its  action  be  continued)  Into  sugar.     The 
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dextrine  and  sugar,  combined  with  the  albuminous  and  oily 
compounds  also  stored  up  in  the  seed,  form  the  '^  protoplasm,'^ 
which  is  the  substance  immediately  supplied  to  the  young 
plant  as  the  material  of  its  tissues ;  and  the  conversion  of  this 
protoplasm  into  various  forms  of  organized  tissue,  which  be- 
come more  and  more  differentiated  as  development  advances, 
is  obviously  referable  to  the  vital  activity  of  the  germ,  Now 
it  can  be  very  easily  shown  experimentally  that  the  rate  of 
growth  in  the  germinating  embryo  is  so  closely  related  (within 
oertain  limits)  to  the  amount  of  heat  supplied,  as  to  place  its 
dependence  on  that  agency  beyond  reasonable  question :  so 
that  we  seem  fully  entitled  to  say  tliat  Heat,  acting  through 
the  germ,  supplies  the  constructive  force  or  power  by  which  the 
Vegetable  fabric  is  built  up.*  But  there  appears  to  be  another 
source  of  that  power  in  the  seed  itself.  In  the  conversion  of 
the  insoluble  starch  of  the  seed  into  sugar,  and  probably  also 
^in  a  tother  metamorphosis  of  a  part  of  that  sugar,  a  large 
quantity  of  carbon  is  eliminated  from  the  seed  by  combining 
with  the  oxygen  of  the  air,  so  as  to  form  carbonic  acid ;  this 
combination  is  necessarily  attended  with  a  disengagement  of 
heat,  which  becomes  very  sensible  when  (as  in  molting)  a 
large  number  of  germinating  seeds  are  aggregated  together ; 
and  it  cannot  but  be  regarded  as  probable  that  the  heat  thus 
evolved  within  the  seed  concurs  with  that  derived  from  with- 
out, in  supplying  to  the  germ  the  force  that  promotes  its  evo- 
lution. 


*  The  effect  of  Heat  is  doubtlesa  manifested  very  differently  by  diffeiw 
ent  seeds;  such  variations  being  partly  specific,  partly  individual.  But 
these  are  no  greater  than  we  see  in  the  inorganic  world :  the  increment  of 
temperature  and  the  augmentation  of  bulk  exhibited  by  different  substances 
when  subjected  to  the  same  absolute  measure  of  heat,  being  as  diverse  as 
the  substances  them  .Ives.  The  whole  process  of  "Malting,"  it  maybe 
remarked,  is  based  on  ihe  regularity  with  which  the  seeds  of  a  particular 
•pecies  may  be  at  any  time  forced  to  a  definite  rate  of  germination  by  a 
definite  increment  of  temperature. 
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The  condition  of  the  Plant  which  has  attained  a  more  ad- 
ranced  stage  of  its  development,  differs  from  that  of  the  ger- 
minating embryo  essentiaUj  in  this  particular,  that  the  organic 
compounds  which  it  requires  as  the  materials  of  the  extensior 
of  the  fabric  are  formed  by  itself,  instead  of  being  supplied  to 
it  from  without.  The  tissues  of  the  coloured  surfaces  of  the 
leaves  and  stems,  when  acted  on  by  light,  have  the  peculiar 
power  of  generating — at  the  expense  of  carbonic  acid,  water, 
and  ammonia — various  ternary  and  quaternary  organic  com- 
pounds, such  as  chlorophyll,  starch,  oil,  and  albumen ;  and  of 
the  compounds  thus  generated,  some  are  appropriated  by  the 
constructive  force  of  the  plant  (derived  from  the  heat  with 
which  it  is  supplied)  to  the  formation  of  new  tissues  ;  whilst 
others  are  stored  up  in  the  cavities  of  those  tissues,  where 
they  ultimately  serve  either  for  ithe  evolution  of  parts  subse- 
quently developed,  or  for  the  nutrition  of  animals  whicli  em- 
ploy them  as  food.  Of  the  source  of  those  peculiar  affinitieii 
by  which  the  components  of  the  starch,  albumen,  &c.,  are 
brought  together,  we  have  no  right  to  speak  confidently ;  bq^ 
looking  to  the  fact  that  these  compounds  are  not  produced  in 
any  case  by  the  direct  union  of  their  elements,  and  that  a  de- 
composition of  binary  compounds  seems  to  be  a  necessary 
antecedent  of  their*  formation,  it  is  scarcely  improbable  that, 
as  suggested  by  Prof.  Le  Conte  {op.  cU.)^  thai  source  is  to  be 
found  in  the  chemical  forces  set  free  in  the  preliminary  act  of 
decomposition,  in  which  the  elements  would  be  Cberated  in 
that  ^^  nascent  condition "  which  is  well  known  to  be  one  of 
peculiar  energy. 

The  mfluence  of  Light,  then,  upon  Vegetable  or^nism  ap- 
pears to  be  essentially  exerted  in  briugiag  about  wlmt  may  U^ 
considered  a  higher  mode  of  clu^mlcal  combiuatioa  between 
oxygen,  hydrogen,  and  carbon,  with  ilui  uMiiUm  of  nitrogen 
in  certain  cases ;  and  there  h  uo  ii\iiU*AU'M  tljut  it  aiUAtni^  be- 
yond this.  That  the  approprkti/^i  af  tlui  umiAtriaU  thus  pre- 
pared, and  their  converi^iou  \uU}  itr^^nv/Axi  ih^min  in  the  o|x^r«^> 
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tions  of  growth  and  development,  are  dependent  on  the  agency 
of  Heat,  is  just  as  evident  in  the  stage  of  maturity  as  in  that 
of  germination.  And  there  is  reason  to  believe,  further,  that 
an  additional  source  of  organizing  force  is  to  be  found  in  the 
retrograde  metamorphosis  of  organic  compounds  that  goes  on 
during  the  whole  life  of  the  plant ;  of  which  metamorphosis 
the  expression  is  furnished  by  the  production  of  carbonic  acid. 
This  is  peculiarly  remarkable  in  the  case  of  the  Fungiy  which, 
being  incapable  of  forming  new  compounds  under  the  influp 
ence  of  light,  are  entirely  supported  by  the  organic  matters 
they  absord,  and  which  in  this  respect  correspond  on  the  one 
hand  *with  the  germinating  embryo,  and  on  the  other  with 
Animals.  Such  a  decomposition  of  a  portion  of  the  absorbed 
material  is  the  only  conceivable  source  of  the  large  quantity 
of  carbonic  acid  they  are  constantly  giving  out ;  and  it  would 
not  seem  unlikely  that  the  force  supplied  by  this  retrograde 
•onetamorphosis  of  the  superfluous  components  of  their  food, 
which  fall  down  (so  to  speak)  from  the  elevated  plane  of  "  prox- 
ynate  principles,"  to  the  lower  level  of  comparatively  simple 
binary  compounds,  supplies  a  force  which  raises  another  por- 
tion to  the  rank  of  living  tissue,  thus  accounting  in  some  de- 
gree for  the  very  rapid  growth  for  which  this  tribe  of  Plants 
is  so  remarkable.  This  exhalation  of  carbonic  acid,  however, 
is  not  peculiar  to  Fungi  and  germinating  embryos,  for  it  takes 
jplace  during  the  whole  life  of  flowering  plants,  both  by  day 
and  by  night,  in  simshine  and  in  shade,  and  from  their  green 
as  well  as  from  their  dark  surfaces  ;  and  it  is  not  improbable 
that,  as  in  the  case  of  the  Fungi,  its  source  lies  partly  in  the 
organic  matters  absorbed,  recent  investigations  *  having  ren- 
dered it  probable  that  Plants  really  take  up  and  assimilate 
soluble  humus^  which,  being  a  more  highly  carbonized  sub- 
stance than  starch,  dextrine,  or  celltdose,  can  only  be  con- 

*  See  the  Memoir  of  M.  Risler,  "  On  the  Absorption  of  Humus,"  ir 
the  "BibUoth^que  UniverseUe,"  N.  S.,  1858,  torn,  i.,  p.  305. 
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*  Terted  into  compouada  of  the  latter  kind  by  parting  with  soma 
of  its  carbon.  Bat  it  may  also  tolse  place  at  tlie  expense  of 
compounds  previously  generated  by  tlie  plant  itself,  and  stored 
up  in  its  tissues ;  of  whicli  we  seem  to  have  an  example  in 
the  unusual  production  of  carbonic  acid  which  takes  place  at 
the  period  of  flowering,  especially  in  such  plants  as  have  a 
fleshy  disk,  or  receptacle  containing  a  largo  quantity  of  starch ; 
and  thns,  it  may  be  surmised,  an  extra  supply  of  force  is  pro- 
vided for  the  maturation  of  those  generative  products  whose 
preparation  seems  to  be  the  highest  expression  of  the  vital 
power  of  the  vegetable  organism. 

The  entire  aggregate  of  organic  compounds  contained  in 
the  vegetable  tissues,  then,  may  be  considered  as  the  exprea* 
sion,  not  merely  of  a  certain  amount  of  the  material  elements, 
oxygen,  hydrogen,  carbon,  and  nitrogen,  derived  (directly  or 
indirectly)  &om  tlie  water,  carbonic  acid,  and  ammonia  of  the 
atQiosphere,  but  also  of  a  certain  amount  of  force  which  has* 
been  oxorted  in  raising  these  from  the  lower  plane  of  simple 
binary  compounds,  to  the  higher  level  of  complex,  "  proxi- 
mate principles ;"  whilst  the  portion  of  these  actually  converted 
into  organized  tissue  may  be  conaiilered  as  the  expression  of 
a  further  measure  of  force,  which,  acting  under  the  directive 
agency  of  the  germ,  has  served  to  biiSld  up  the  fabric  in  its 
characteristic  type.  This  constrnclive  action  goes  on  during 
the  whole  Life  of  the  Plant,  which  essetitially  manifests  itself 
either  in  the  extension  of  the  original  fabric  (to  which  in 
many  instances  there  seems  no  determinate  limit),  or  in  the 
production  of  the  germs  of  new  and  independent  organisms. 
It  is  interesting  to  remark  that  the  development  of  the  mora 
permanent  parts  involves  the  successional  decay  and  renewal 
of  parts  whose  existence  is  temporary.  The  "  fall  of  the 
leaf"  is  the  effect,  not  the  cause,  of  the  cessation  of  that  pe- 
culiar functional  activity  of  its  tissues,  which  consists  in  the 
elaboration  of  the  nutritive  material  required  for  the  prodiiC' 
lion  of  wood.     And  it  would  seem  aa  if  □  of  tlieii 
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■  axistence  stands  in  an  inverse  ratio  to  tlic  energy  of  their  ao- 
tion  ;  the  loaves  of  "  evergreens,"  which  are  not  cast  otF  until 
tlie  appearance  of  a  now  succession,  effecting  their  i\inctioTiat 
changes  at  a  much  less  rapid  rate  than  do  those  of  "  deci- 
duous "  trees,  whose  term  of  life  ia  far  more  brief. 

Thus,  the  final  cause  or  purpose  of  the  whole  Vital  Activ- 
ity of  the  Flaut,  so  far  as  the  individval  is  concerned,  is  to 
produce  an  indefinite  extension  of  the  dense,  woody,  almost 
inert,  but  permanent  portioua  of  the  fiibrit-,  by  the  suecessional 
development,  Jet-ay,  and  renewal  of  the  soft,  active,  and  tran- 
sitory cellular  parenchyma ;  and  according  to  the  principles 
already  stated,  the  descent  of  a  portion  of  the  malcriiils  of  the 
latter  to  the  eonditiou  of  binary  compounds,  which  is  mani- 
fested in  the  largcly-incrcaaed  exhalation  of  carbonic  ticid 
tbat  takes  place  trom  the  leaves  in  the  later  part  of  the  sea- 
son, comes  to  the  aid  of  external  Heat  in  supplying  the  force 
by  which  another  portion  of  those  materials  is  raised  to  tha 
condition  of  organized  tissue.  The  vital  activity  of  the 
Plant,  however,  is  further  manifested  in  the  provision  made 
for  the  propagation  of  its  race,  by  the  production  of  the 
germs  of  new  individuals  ;  and  here,  again,  we  observe  that 
whilst  a  higher  temperature  is  usually  required  for  the  devel- 
opment of  the  flower,  atid  the  maturation  of  the  seed,  than 
that  which  sulfices  to  sustain  the  ordinary  processes  of  vege- 
tation, a  special  provision  appears  to  be  made  in  some  in- 
stances for  tiia  evolution  of  force  in  the  sexual  apparatus  it- 
self, by  the  retrograde  metamorphosis  of  a  portion  of  the  or- 
ganic compounds  prepared  by  the  previous  nutritive  opet^- 
tions.  This  seems  the  nearest  ajiproach  presented  in  th« 
Vegetable  organism,  to  what  we  shall  find  to  he  an  ordinary 
mode  of  activity  in  the  Animal.     That  tJic  performance  of 

.  the  generative  act  involves  an  extraordinary  expenditure  of 

,1  force  appears  from  this  remarkable  foct,  that  bloBBOms 

ch  wither  and  die  as  soon  as  the  ovules  have  been  ferlit 

Bed,  may  be  kept  fresh  for  a  long  period  if  fertilization  be 

■prevented. 
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The  decay  wtich  ia  continually  going  on  during  the  life 
of  a  Plant  restores  to  the  inorgauic  world,  in  the  form  of  car 
bonic  acid,  water,  and  ammonia,  a  part  of  the  materials  drawn  _ 
A-om  it  in  tLe  act  of  vegetatiou ;  and  a.  reservation  being  made 
of  those  vegetable  products  which  are  consumed  as  food  by 
Animala,  or  which  are  preserved  (like  timber,  flax,  cotton, 
&c.)  in  a  state  of  permanence,  the  varloua  forms  of  decom- 
position which  take  place  after  death  complete  that  restora- 
tion. But  in  returning,  however  slowly,  to  the  condition  of 
water,  carbonic  acid,  ammonia,  &c.,  the  constituents  of 
Plants  give  forth  an  amount  of  heat  equivalent  to  that  wliidj 
they  would  generate  by  the  process  of  ordinary  combustiou ; 
and  thus  they  restore  to  the  inorganic  world,  not  only  llie  ma- 
terials, but  the  forces,  at-the  expense  of  which  the  vegetable 
fabric  was  constructed.  It  is  for  the  most  part  only  in  the 
humblest  Plants,  and  in  a  particular  phase  of  their  lives,  that 
Buch  a  restoration  takes  place  in  the  form  of  Jiiolioiiy  this  mo- 
tion being,  like  growth  and  development,  an  expression  of  the 
vital  activity  of  the  "  Zoospores"  of  Algte,  and  being  ob- 
viously intended  for  their  dispersion. 

Hence  we  seem  justified  in  affirming  that  the  Correlation 
between  heat  and  the  organizing  force  of  Plants  is  not  lesa 
ifltimate  than  that  which  exists  between  heat  and  motion. 
The  special  attribute  of  the  vegetable  germ  is  its  power  of 
ntiliring,  after  its  own  particular  fashion,  tlie  heat  which  it 
p^^eeeives,  and  of  applying  it  aa  a  constructive  power  to  ttie 

ding-up  of  its  fabric  after  its  characteristic  type. 
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Those  of  oar  readers  who  accompanied  as  Oirougfa  tbe 
first  part  of  our  inquiry  are  aware  that  it  was  our  object  to 
show,  that  as  force  is  never  lost  in  the  inor^ranic  world,  so 
forue  is  never  created  in  Iho  organic ;  but  that  those  various 
operalions  of  vegolablo  life  which  are  somelimes  vaguely 
attributed  to  ihe  agency  of  an  occult  "vital  principle,"  and 
are  referred  by  more  exact  thinkers  to  certain  Vital  Forces 
inherent  in  tiio  orgaoigm  of  the  plant,  are  really  sustained  by 
solar  light  and  beat.  These,  wo  have  argued,  supply  to 
each  germ  tlie  wliole  power  by  which  it  builds  itself  up,  at  the 
espeuBC  of  tlic  materials  it  draws  from  the  Inorganic  Uni- 
verse, into  the  complete  organism;  while  the  mode  in  whidi 
that  power  is  exerted  {generalli/  as  vital  force,  specially  as 
the  determining  cause  of  the  form  peculiar  to  each  type)  d^ 
pends  upon  the  "germinal  capacity"  or  directive  agency  inhere 
ent  in  each  particular  germ.  The  first  stage  in  this  constiva- 
tive  operation  consists  in  the  production  of  certain  organic 
compounds  of  a  purely  chemical  nature — such  as  gum,  staxoE, 
sugar,  chlorophyll,  oil,  and  albnmen — at  the  expense  of  the 
oxygen,  hydrogen,  carbon,  and  nitrogen  derived  from  tJia 
water,  carbonic  acid,  and  ammonia  of  the  atmosphere  j 
whilst  the  second  consiBts  in  the  further  elevation  of  a  portion 
of  these  organic  compounds  to  tlto  rank  of  organized  dssua 
possessing  attributes  distinctively  vital.  Of  the  wliole  amount  . 
of  organic  coinpounds  generated  by  the  plant,  it  is  but  a 
comparatively  small  part  (a)  that  undergoes  this  progressiwa  ' 
metamorphosis  into  living  tissue.  Another  small  proportion 
(6)  undergoes  a  relroffrade  metamorphosis,  by  which  the  orig- 
inal binary  components  are  reproduced ;  and  in  this  descent 
of  organic  compounds  to  the  lower  plane,  ihe  power  con- 
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■  mmed  in  their  elevation  is  given  forth  'm  the  form  of  bunt 
and  organizing  force  (its  13  spec-ially  seen  in  germination), 
which  help  to  raise  the  portion  a  to  a  higher  level.  But  by 
far  the  larger  part  (c)  tff  the  organic  compounds  geaiirattid 
by  plants  remains  stored  up  in  their  f'abrii;,  without  undergo- 
ing any  further  elevation  ;  and  it  is  at  the  expense  of  these 
lather  than  of  the  actual  tissues  of  plants,  that  the  life  of 
animals  is  sustained. 

When,  instead  of  yielding  up  any  portion  of  its  snbslaiicB 
for  the  sustenance  of  animals,  the  entire  vogctablo  organism 
undorgoQS  retrograde  metamorphosis,  it  not  only  gives  back 
to  the  iaorganic  world  the  binary  compounds  from  which  it 
derived  its  own  constituenta,  but  in  Ibe  descent  of  the  several 
components  of  its  fabric  to  that  simple  condition — whether  by 
ordinary  combustion  (as  in  the  burning  of  coal)  or  by  slow 
decay — it  gives  out  the  equivalenta  of  the  light  and  heat  by 
which  they  wcro  olevaled  in  the  first  instance. 

la  ai)plyiQg  these  views  to  tlie  mterpretalion  of  the  phe 
nomeua  of  animal  life,  wc  find  ourselves,  at  the  commence- 
ment of  our  inquiry,  on  a  higher  platform  (so  to  speak)  than 
that  Irom  which  we  bad  to  ascend  in  watching  the  constmo- 
live  processes  of  the  plant.  For,  whilst  the  plant  had  flrsi 
to  prepare  the  pabulum  for  its  developmental  operations,  the 
animal  has  this  already  provided  for  it,  not  only  at  the  ear- 
liest phase  of  its  development,  but  during  the  whole  period 
of  its  existence ;  and  all  its  manifestations  of  vital  activity 
are  dependent  upon  a  conetoat  and  adequate  supply  of  the 
aasas  pabulum.  The  first  of  these  maQifestations  is,  as  in  tile 
plant,  the  building-up  of  the  organism  by  the  appropriatioo 
of  material  supplied  from  external  sources  under  the  JifL-ctive 
agency  of  the  germ.  The  ovum  of  the  auimal,  like  the  seed 
of  the  plant,  contains  a  store  of  appropriate  nutriment  pru- 
vionsly  elaborated  by  the  parent ;  anil  tbia  store  sutBecs  fur 
llie  development  of  the  embryo,  up  to  the  period  at  which  it 
11  obtain  and  digest  alimentary  materials  tor  ilwlf.     That 
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period  occurs,  in  the  different  tribes  of  animals,  at  very  dis- 
similar stages  of  the  entire  developmental  process.  In  many 
of  the  lower  classes,  the  embryo  comes  forth  from  the  egg^ 
and  commences  its  independent  existence,  in  a  condition 
which,  as  compared  with  the  adult  form,  would  be  as  if  a 
human  embryo  were  to  be  thrown  upon  the  world  to  obtain 
its  own  subsistence  only  a  few  weeks  after  conception ;  and  its 
whole  subsequent  growth  and  development  takes  place  at  the 
expense  of  the  nutriment  which  it  ingests  for  itself. 

We  have  examples  of  this  in  the  class  of  insects,  many  of 
which  come  forth  from  the  egg  in  the  state  of  extremely  simple 
and  minute  worms,  having  scarcely  any  power  of  movement, 
but  an  extraordinary  voracity.  The  eggs  having  been  depos- 
ited in  situations  fitted  to  afford  an  ample  supply  of  appropriate 
nutriment  (those  of  the  flesh-fly,  for  example,  being  laid  in 
carcases,  and  those  of  the  cabbage-butterfly  upon  a  cabbage- 
leaf)  ,  each  larva  on  its  emersion  is  as  well  provided  with  ali- 
mentary material  as  if  it  had  been  furnished  with  a  large  sup- 
plemental yolk  of  its  own ;  and  by  availing  itself  of  this,  it 
speedily  grows  to  many  hundred  or  even  many  thousand 
times  its  original  size,  without  making  any  considerable  ad- 
vance in  development.  But  having  thus  laid  up  in  its  tissues  a 
large  additional  store  of  material,  it  passes  into  a  state  which, 
so  far  as.  the  external  manifestations  of  life  are  concerned, 
is  one  of  torpor,  but  which  is  really  one  of  great  develop- 
mental activity  :  for  it  is  during  the  pupa  state  that  those  new 
parts  are  evolved,  which  are  characteristic  of  the  perfect  in- 
sect, and  of  which  scarcely  a  trace  was  discoverable  in  the 
larva ;  so  that  the  assumption  of  this  state  may  be  likened  in 
many  respects  to  a  reentrance  of  the  larva  into  the  ovum. 
On  its  termination,  the  imago  or  perfect  insect  comes  forth 
complete  in  all  its  parts,  and  soon  manifests  the  locomotive 
and  sens9rial  powers  by  which  it  is  specially  distinguished, 
and  of  which  the  extraordinary  predominance  seems  to  jus- 
tify our  regarding  insects  as  the  types  of  purely  animal  life. 
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are  soma  insects  whoBe  imago-lifo  has  but  a  Tcrj-  sliort 
durutioD,  tiie  performaace  of  the  generative  act  being  appai 
eally  the  only  object  of  this  state  of  tlieir  existence :' and  auch 
for  the  moat  part  take  no  food  whatever  after  their  final  emer- 
BJon,  their  vital  activilj  being  maintained,  for  the  short  period 
it  endures,  by  the  material  assimilated  during  their  larya 
Btate.*  But  those  whose  period  of  activity  is  prolonged,  and 
upon  whose  energy  there  are  extraordinary  demands,  are 
scarcely  loss  voracioos  in  their  imago  than  in  their  Inrva- 
conditioa ;  the  food  they  consome  not  being  applied  to  the 
incrsase  of  their  bodies,  which  grow  very  little  after  the  as- 
sumption of  the  imago-state,  but  chiefly  to  their  main/enancc  ; 
no  inconsiderable  portion  of  it,  however,  being  appropriated 
in  the  femule  to  the  production  of  ova,  the  entire  mass  of 
whieh  deposited  by  a  single  individual  is  sometimes  enormous. 
That  the  performance  of  the  generative  act  involves  bot 
merely  a  consumption  of  material,  but  a  special  expenditure 
of  force,  appears  from  a  fact  to  be  presently  staled,  corre- 
sponding to  that  aheady  noticed  in  regard  to  plants. 

Now  if  we  look  for  tho  source  of  the  various  forms  of 
vital  force — which  zao-j  be  distinguished  as  conalractive, 
senaori-motor,  and  generative — that  are  manifested  in  the  dif- 
ferent stages  of  tbo  life  of  an  insect,  we  find  them  to  lie,  on 
the  one  Land,  in  tbo  heat  with  which  Ibe  orgam'sm  is  sup- 
plied from  external  sources,  and,  on  tho  other,  in  the  food 
provided  for  it.  The  agency  of  heat,  as  tho  moving  power 
of  the  construciive  operations,  is  even  more  distinctly  sbown 
in  the  development  of  the  larva  witliln  the  egg,  and  in  the 
development  of  the  imago  within  its  pupa-caee,  than  it  is  in 

*  It  is  not  a.  littie  curious  that  in  the  tribe  of  Rotifera,  or  Wheel-aal- 
tnalcnlcs,  all  the  malea  jet  diacovercd  are  entirely  destitute  of  digestive 
^pamtua,  and  are  thus  bcnpalilB  of  laldDg  any  food  whatever  ;  Bo  that  not 
onlj  tho  whole  of  tljoir  deveiopmeat  within  the  egg,  but  the  whole  of  thdr 
active  life  ailDr  thdr  omerdou  from  It,  is  oairied  ou  at  the  expense  of  tha 
Men  Af  J^  proTided  b;  the  pacont. 
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biding  elrictlf  regulated  hy  the  touiperatare  to  which  the 
orgaoism  is  subjected.  Thus  ova  which  are  ordinarily  not 
hatched  until  the  leaves  suitable  for  the  food  of  their  larriB 
havu  been  pat  forth,  mny  be  made,  by  artificial  heat,  to  prtv 
dace  a  brood  in  the  winter ;  whilst,  on  the  other  hiuid,  it'  thej 
bo  kept  at  a  low  temperature,  their  hatching  maj  be  retarded 
almost  indefinitely  without  the  destruction  of  their  vitality. 
The  same  ia  true  of  the  pupa-state  ;  and  it  it  remarkable  that 
during  the  latter  part  of  that  state,  in  which  the  developmental 
process  goes  on  with  extraordinary  ropidity,  there  is  in  cer- 
tain insects  a  special  provision  for  an  elevation  of  the  tem- 
perature of  the  embryo  by  a  process  resembling  incubation. 
Whether,  in  addition  to  the  heat  imparted  from  vrithont,  there 
is  any  addition  of  force  developed  within  (aa  in  the  germinat- 
ing" seed)  by  the  return  of  a  part  of  the  organic  constituentB 
of  the  food  to  the  condition  of  binary  compounds,  cannot  at 
present  he  stated  with  confidence :  the  probability  is,  how- 
ever, that  such  a  retrograde  metamorpliosis  does  take  place, 
adequate  evideace  of  its  occurrence  during  the  incabatioa  of 
ttie  bird's  egg  being  afforded  by  the  hberation  of  carbonic 
acid,  which  is  there  found  to  be  an  essential  condition  of  the 
developmental  process.  During  the  larva-state  there  is  very 
little  power  of  maintaining  an  independent  temperature,  so 
that  the  sustenance  of  vital  activity  is  still  mainly  due  to 
the  heat  supplied  &om  without.  But  in  the  active  state  of  the 
perfect  insect  there  is  a  jprodudion  of  heat  quite  comparable 
to  that  of  warm-blooded  animals  ;  and  this  is  effected  by  tlie 
retrograde  metamorphosis  of  certain  organic  conslituente  of 
the  food,  of  which  we  find  the  expression  in  the  cxhalatioa  of  | 
carbonic  acid  and  water.  Thus  the  food  of  animals  1 
an  internal  source  of  heat,  which  may  render  them  indopeu^  1 
ent  of  external  temperature. 

Further,  a  like  retrograde  inetainorphosis  of  certain  ( 
Btituents  of  the  food  is  the  soorce  of  that  iensori-motor  pow«r  ] 
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Whkh  ia  the  pi^culiar  cliaracleristic  of  the  nnimal  orgaoisin ; 
for  OB  the  ono-hand  the  damand  for  food,  on  the  other  the 
amount  of  metaniorphosia  indicated  by  the  qnantity  of  car- 
bonic acid  exliakd,  bear  a  .very  close  relation  to  the  quantity 
of  that  power  which  ia  put  forth.  This  relation  is  peculiarly 
manifest  in  insects,  since  their  conditions  of  activity  and  re- 
pose present  a  greater  oontraat  in  their  respective  ral«s  of 
metamorpiiosia,  thim  do  those  of  any  other  animals.  Of  the 
exercise  of  generative  tbree  we  have  no  similar  measure ;  but 
that  it  ia  only  a  special  modification  of  ordinary  vital  activity 
appears  from  this  circumstance,  that  the  bie  of  those  insects 
which  ordinarily  die  very  soon  after  sexual  congi'esa  and  the 
deposition  of  the  ova,  may  be  considerably  prolonged  if  the 
sexes  be  kept  apart  so  that  congress  cannot  take  place. 
Moreover,  it  has  been  showii  by  reuent  inquiries  into  the 
agamic  reproduction  of  insects  and  other  animals,  that  the 
process  of  generation  differs  far  leas  from  those  reproductive 
acts  which  must  be  referred  to  tlie  category  of  the  ordinary 
nutritive  processes,  than  had  beeri  previously  supposed, 

ThoH,  then,  wo  find  that  in  the  animal  organism  the  de- 
id  for  food  has  reference  not  merely  to  its  use  as  a  riiale- 
for  the  constTQctton  of  the  fabric ;  food  serves  also  as  a 
generator  oi  force;  and  this  force  may  be  of  various  kinds — 
heat  and  motoi^power  being  the  priocipal  but  by  no  means 
the  only  modes  under  which  it  manifests  itself.  We  shall 
now  inqnire  what  there  is  peculiar  in  the  sonrces  of  the  vital 
force  which  animates  the  organisms  of  the  higher  animals  at 
difTerent  stages  of  life. 

That  the  developmental  force  whiclr  occasions  the  evolu- 
.ion  of  the  germ  in  the  higher  vcrtcbrala  is  really  supplied 
by  tlie  heat  to  which  the  ovum  is  subjcct«d,  may  be  rc;,'arded 
as  a  fact  csloblished  beyond  all  question.  In  frogs  and 
other  amphibia,  which  have  no  special  meaus  of  imparling  a 
high  temperature  to  their  eggs,  the  rate  of  development  (which 
in  tlie  early  stages  caa  be  readily  duUtruiined  with  gmut  iixael- 
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noss)  is  entirely  governed  by  the  degree  of  warmth  to  which 
the  ovum  is  subjected.  But  in  serpents  there  is  a  peculiar 
provision  for  supplying  heat ;  the  female  performing  a  kind 
of  incubation  upon  her  eggs,  and  generating  in  her  own  body 
a  temperature  much  above  that  of  the  surrounding  air.*  In 
birds,  the  developmental  process  caji  only  be  maintained  by 
the  steady  application  of  external  warmth,  and  this  to  a  de^ 
gree  much  higher  than  that  which  is  needed  in  the  case  of 
cold-blood6d  animals ;  and  we  may  notice  two  results  of  this 
application  as  very  significant  of  the  dynamical  relation  be- 
tween heat  and  developmental  force — ^first,  that  the  period 
required  for  the  evolution  of  the  germ  into  the  mature  embryo 
is  nearly  constant,  each  species  having  a  definite  period  of 
incubation — ^and  second,  that  the  grade  of  development  at- 
tained by  the  embryo  before  its  emersion  is  relatively  much 
higher  than  it  is  in  cold-blooded  vertebrata  generally;  the 
only  instances  in  which  any  thing  like  the  same  stage  is  at- 
tained without  a  special  incubation,  being  those  in  which  (as 
in  the  turtle  and  crocodile)  the  eggs  are  hatched  under  the 
influence  of  a  high  external  temperature.  This  higher  devel- 
opment is  attained  at  the  expense  of  a  much  greater  consump- 
tion of  nutrient  material ;  the  store  laid  up  in  the  "  food  yolk" 
and  "  albumen"  of  the  bird's  egg,  being  many  times  greater 
in  proportion  to  the  size  of  the  animal  which  laid  it,  than  that 
contained  in  the  whole  egg  of  a  frog  or  a  fish.  There  id 
evidence  in  that  liberation  of  carbonic  acid  which  has  been 
ascertained  to  go  on  in  the  egg  (as  in  the  germinating  seed) 
during  the  whole  of  the  developmental  process,  that  the  return 
of  a  portion  of  the  organic  substances  provided  for  the  suste- 

*  In  the  Viper  the  eggs  are  usually  retained  within  the  oviduct  untL 
they  are  hatched.  In  the  Python,  which  recently  went  through  the  procesa 
of  incubation  in  the  Zoological  Gardens,  the  eggs  were  imbedded  in  the 
coils  of  the  body ;  the  temperature  to  which  they  were  subjected  (as  ascer 
tained  by  a  thermometer  placed  in  the  midst  of  them)  averaging  90^  F^ 
whilst  that  of  the  cage  averaged  60°  F. 
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nance  of  the  embryo,  to  the  eondition  of  simple  binarj  eom- 
pounds,  is  an  essential  cofldilion  of  the  profcsa  ;  and  BiLce  it 
can  scarcely  lie  supposed  that  the  oliject  of  this  melanaoiv 
phosia  can  be  to  liimiah  heat  (an  ample  supply  of  that  force 
being  afforded  by  the  body  of  tlie  parent),  it  seems  Bot  ua- 
likely  that  its  purpose  is  to  supply  a  force  that  concurs  with 
the  heat  received  from  without  in  maintaining  tlie  process  of 
organ  izatioa. 

The  development  of  the  embryo  within  the  body,  in  the 
mammalia,  imparts  to  it  a  steady  temperature  equivalent  to 
that  of  the  parent  itself;  and  in  all  save  the  implacentai  or- 
ders of  this  clafis,  that  development  is  carried  still  further 
than  in  birds,  the  new-born  mammal  being  yet  more  com- 
plete in  all  its  parts,  and  its  size  bearing  a  larger  proportion 
to  that  of  i(s  parent,  than  even  in  birds.  It  is  doubtless  ow- 
ing in  great  part  to  the  constancy  of  the  temperature  to  which 
the  embryo  ia  subjected,  that  it3  rate  of  development  (as 
shown  by  the  filed  term  of  utero-geBtation)  is  so  uniform. 
The  supply  of  organizahle  material  here  afforded  by  the  o^Tim 
itself  is  very  small,  and  suffices  only  for  the  very  earliest 
stage  of  tJie  constructive  process ;  but  a  special  provision  is 
very  soon  made  for  the  nutrition  of  the  embryo  by  materials 
directly  supplied  by  the  parent ;  and  the  imbibition  of  these 
takes  the  place,  during  the  whole  remainder  of  foatul  life,  of 
the  appropriation  of  the  malerials  supplied  in  the  bird's  egg 
bythe  "food  yolk"  and  "albumen."  To  what  extent  a  retro- 
grade metamorphosis  of  nutrient  material  takes  place  in  the- 
fcela!  mammal,  we  have  no  precise  means  of  determining ; 
since  the  products  of  that  metamorphosis  are  probably  for  the 
most  part  imparled  (through  the  placental  circulation)  to  the 
blood  of  the  mother,  and  got  rid  of  through  her  eicretory 
apparatus.  But  sufficient  evidence  of  such  a  mclamoqihosis 
is  afibrded  by  the  presence  of  urea  in  Ihe  amniotic  fluid  and 
of  biliary  matter  in  the  intestines,  to  make  it  probable  that  it 
takes  place  not  less  actively  (to  say  the  least)  in  the  fostal 
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mammal  than  it  does  in  the  chick  in  ovo.  Indeed,  it  is  im« 
possible  to  study  the  growth  of  any  of  the  higher  organisms—* 
which  not  merely  consists  in  the  formation  of  new  parts,  but 
also  involves  a  vast  amount  of  interstitial  change — ^without 
perceiving  that  in  the  remodelling  which  is  incessantly  going 
on,  the  parts  first  formed  must  be  removed  to  make  way  for 
those  which  have  to  take  their  place.  And  such  removed  can: 
scarcely  be  accomplished  without  a  retrograde  metamorphosis, 
which,  as  in  the  numerous  cases  already  referred  to,  may  bo 
considered  with  great  probability  as  setting  free  constructive 
foi  ce  to  be  appHed  in  the  production  of  new  tissue. 

K,  now,  we  pass  on  from  the  intraruterine  life  of  the 
mammalian  organism  to  that  period  of  its  existence  which 
intervenes  between  birth  and  maturity,  we  see  that  a  tempo- 
rary provision  is  made  in  the  acts  of  lactation  and  nursing 
for  affording  .both  food  and  warmth  to  the  young,  creature, 
which  is  at  first  incapable  of  adequately  pl-oviding  itself  with 
aliment,  or  of  resisting  external  cold  without  fostering  aid. 
And  we  notice  that  the  offspring  of  man  remains  longer  de- 
pendent upon  parental  care  than  that  of  any  other  mammal, 
in  accordance  with  the  higher  grade  of  development  to  be 
ultimately  attained.  But  when  the  period  of  infancy  has 
passed,  the  child,  adequately  supplied  with  food,  and  pro- 
tected by  the  clothing  which  makes  up  for  the  deficiency  of 
other  tegumentary  covering,  ought  to  be  able  to  maintain  its 
own  heat,  save  in  an  extremely  depressed  temperature ;  and 
this  it  does  by  the  metamorphosis  of  organic  substances,  partly 
derived  from  its  own  fabric,  and  partly  supplied  directly  by 
the  food,  into  binary  compounds.  During  the  whole  period 
of  growth  and  development,  we  find  the  producing  power  at 
its  highest  point ;  the  circulation  of  blood  being  more  rapid, 
and  the  amount  of  carbonic  acid  generated  and  thrown  orf 
bftiag  much  greater  in  proportion  to  the  bulk  of  the  body, 
than  at  any  subsequent  period  of  life.  We  find,  too,  in  the 
large  amount  of  other  excretions,  the  evidence  of  a  rapid 
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tnetomorpliosis  of  tiasnc  ;  and  it  can  Lardly  be  questioned  (if 
our  general  doctrines  be  well  founded)  that  tlie  constructiyo 
force  that  operates  in  the  completion  of  the  fabric  will  be  de- 
rived in  part  from  the  heat  so  largely  generated  by  chemical 
change,  and  in  part  from  tbe  descent  which  a  portion  of  the 
&bric  itself  is  continually  making  from  the  higher  plane  of 
organized  tissue  to  the  lower  plane  of  dead  matter.  This 
high  measure  of  vital  activity  can  only  be  sustained  by  an 
ample  supply  of  food  ;  which  thus  supplies  both  material  for 
the  conafruetiou  of  the  organism,  and  the  force  by  wboso 
agency  that  construction  is  aceompliahed. 

How  completely  dependent  the  constructive  process  atill  ia 
in  heat,  is  sliown  by  the  phenomena  of  reparation  in  cold- 
'tdooded  animals ;  since  not  only  can  the  rate  at  which  they 
place  be  experimentally  shown  to  bear  a  direct  relation 
to  the  temperature  to  which  these  animals  are  snbjected,  but 
it  has  been  ascertained  that  any  extraordinary  act  of  ivpara- 
tion  (such  as  the  reproduction  of  a  limb  in  the  salamander) 
win  only  be  performed  under  the  influence  of  a  temperature 
much  higher  than  that  required  for  the  mamtenance  of  the 
ordinary  vital  activity.  After  the  maturity  of  the  organiam 
has  been  attained,  there  is  no  longer  any  caU  for  a  larger 
measure  of  constructive  force  tlian  is  required  for  the  mainten- 
ance of  its  integrity ;  but  there  seems  evidence  that  even  then 
the  required  force  has  to  be  supplied  by  a  retrograde  meta- 
morphosis of  a  portion  of  the  constituents  of  the  food,  over  and 
above  that  which  serves  to  generate  animal  heat.  For  it  has 
been  esperiraentally  found  that,  in  the  ordinary  life  of  an  adult 
mammal,  the  quantity  of  food  necessary  to  keep  the  body  in 
its  nornaal  condition  is  nearly  twice  that  which  would  bo  re- 
quired to  supply  the  "  waste"  of  the  organism,  as  measured 
by  the  total  amount  of  excreta  when  food  ia  withheld ;  and 
hence  it  seems  almost  certain  that  the  descent  of  a  portion  of 
the  organic  constituents  of  this  food  to  the  lower  level  of  sim- 
ple binary  compounds  is  a  necessary  coudiliou  of  the  ele- 
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vation  of  another  portion  to  the  state  of  living   organized 
tissue. 

The  conditions  of  animal  existence,  moreover,  involve  a 
constant  expenditure  of  motor  force  through  the  instrumental- 
ity of  the  nervo-muscular  apparatus ;  and  the  exercise  of  the 
purely  'psychical  powers,  through  the  instrumentality  of  the 
brain,  constitutes  a  further  expenditure  of  force,  even  when 
no  bodily  exertion  is  made  as  its  result.  We  have  now  to 
consider  the  conditions  under  which  these  forces  are  devel- 
oped, and  the  sources  from  which  they  are  derived. 

The  doctrine  at  present  commonly  received  among  physi- 
ologists upon  these  points  may  be  stated  as  follows : — ^The 
^notional  activity  of  the  nervous  and  muscular  apparatuses 
involves,  as  its  necessary  condition,  the  disintegration  of  their 
tissues ;  the  components  of  which,  uniting  with  the  oxygen 
of  the  blood,  enter  into  new  and  simpler  combinations,  which 
are  ultimately  eliminated  from  the  body  by  tte  excretory  oper- 
ations. In  such  a  retrograde  metamorphosis  of  tissue,  we 
have  two  sources  of  the  liberation  of  force  : — first,  its  descent 
from  the  condition  of  living,  to  that  of  dead  matter,  involving 
a  liberation  of  that  force  which  was  originally  concerned  in 
its  organization  ;* — and  second,  the  further  descent  of  its 
complex  organic  components  to  the  lower  plane  of  simple 
binary  compounds.  If  we  trace  back  these  forces  to  their 
proximate  source,  we  find  both  of  them  in  the  food  at  the 

*  It  was  by  Liebig  ("Animal  Chemistry,"  1842)  that  the  doctrine  was 
first  distinctly  promulgated  which  had  been  already  more  vaguely  affirmed 
by  various  Physiologists,  that  every  production  of  motion  by  an  Animal 
involves  a  proportional  disintegration  of  muscular  substance.  But  he  seems 
to  have  regarded  the  motor  force  produced  as  the  expression  only  of  the 
vital  force  by  which  the  tissue  was  previously  animated ;  and  to  have  looked 
apon  its  disintegration  by  oxygenation  as  simply  a  consequence  of  its  death. 
The  doctrine  of  the  "  Correlation  of  Forces  "  being  at  that  time  undevel- 
oped, he  was  not  prepared  to  recognize  a  source  of  motor  power  in  the  ulte- 
rior chemical  changes  which  the  substance  of  the  muscle  undergoes ;  but 
seems  to  have  regarded  them  as  only  concerned  in  the  production  of  heat. 


\ 
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[pense  of  which  the  animal  orgauiam  ia  conatmcted ;  for 
beBides  supplying  the  material  of  the  tisaues,  a  portioa  of 
that  food  (aa  already  shown)  bccomeB  tho  source,  in  its  retro- 
grade metamorphosis,  of  the  production  of  the  heat  which 
supplies  the  coaatnictiyc  power,  whilst  another  portion  may 
afford,  by  o.  like  descent,  a  yet  more  direct  aupply  of  organ- 
izing force.  Aud  thus  we  find  in  the  action  of  aolar  light 
and  heat  upon  plants — whereby  they  are  enabled  not  merely 
to  extend  themselves  almost  without  limit,  but  alao  to  aceu- 
mulatc  in  their  subslaace  a  store  of  organic  compounda  for 
the  consumption  of  animala — the  ultimate  aource  not  only  of 
the  materials  required  by  animals  for  their  nutrition,  but  also 
of  the  forces  of  various  kinds  which  these  exert. 

Beeent  inrestigations  have  rendered  it  doubtful,  however, 
whether  (he  doctrine  that  every  exertion  of  the  fanctional 
power  of  the  nervo-muacular  apparatus  involves  the  disinte- 
gration of  a  certain  equivalent  amount  of  tissue,  really  ex- 
presses the  whole  truth.  It  has  been  mainlained,  on  the  basis 
of  carefully-conducted  esperimeots,  in  the  first  place,  that  iJie 
amount  of  work  done  by  an  animal  may  be  greater  than  can 
be  accounted  for  by  the  ultimate  metaraorphoaia  of  the  azo- 
tized  constituents  of  its  food,  their  mechanical  equivalent 
being  estimated  by  the  heat  producible  by  the  combustion  of 
the  carbon  and  oxygen  which  they  contain  ;•  and  secondly, 
that  whilst  there  is  not  a  constant  relation  (as  ai&rmed  by 
Liebig)  between  the  amount  of  motor  force  produced  and  tho 
amount  of  disintegration  of  muscular  tissue  represented  by 
tho  appearance  of  urea  in  the  urine,  such  a  constant  relation 
doea  exist  between  the  development  of  motor  force  and  tho 
increase  of  carbonic  acid  in  the  expired  air,  as  shows  that 
between  these  two  phenomena  there  is  a  most  intimate  reli^ 


■  This  view  baa  been  eipi^^ed  to  the  author  bj  two  very  bigh  author- 
ttieB,  Prof.  Hdniholtz  and  Prof.  WUIiam  Thomson,  mdcpendently  of  ench 
other,  aa  an  almost  neccEsary  inference  frma  tbe  data  furnUhet!  bj  tha 
if  Dr.  Joule. 
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tionshjp.*  And  the  ooncnrrence  of  these  indepcnilent  indlcA- 
tiona  seems  to  justify  die  infcrenee  that  motor  force  may  be 
developed,  like  heat,  by  the  melamorphosiB  of  conslilnente 
of  food  wliieh  are  not  t'onverlcd  into  living  tissue  ; — an  infep- 
encB  which  BO  folly  hannonizea  with  the  doctrine  of  the  direct  \ 
convertibility  of  tbuse  two  forces,  now  established  as  one  of 
the  Barest  results  of  physical  investigation,  as  to  have  in  itself 
no  inherent  improhahHity.  •  Of  the  conditions  which  deter-  ' 
mine  the  generation  of  motor  force,  on  the  one  band,  from  the 
disintegration  of  muscnlar  tisane,  on  the  other  from  the  meta- 
morphosis of  the  components  of  the  food,  nothing  definite  can 
at  present  be  stated ;  but  we  seem  to  have  a  typical  esampla 
of  the  former  in  the  parturient  action  of  the  uterus,  whose 
mnscnla]"  substance,  built  up  for  this  one  efibrt,  forthwith  . 
nniiergoes  a  rapid  retrograde  metamorphosis ;  whilst  it  can 
scarcely  be  regarded  as  improbable  that  the  constant  activity 
of  the  heart  and  of  the  respiratory  masclcs,  which  gives 
them  no  opportunity  of  renovation  by  rest,  is  sustained  not  so 
much  by  the  continual  renewal  of  their  substance  (of  which 
renewal  there  is  no  histological  evidence  whatever)  as  by  a  | 
metamorphosis  of  matters  external  to  themselves,  supplying 
a  force  which  is  manifested  through  their  instramentality. 

To  sum  up :  The  life  of  man,  or  of  any  of  the  higher  I 
animals,  essentially  consists  in  the  manifestatiDn  of  forces   ( 
of  various  kinds,  of  which  the  organism  ia  the  instrument ; 
and  these  forces  are  developed  by  the  retrograde  metamor- 
phosia  of  the   organic  compounds  generated  by  the  instru-  | 
mentality  of  the  plant,  whereby  they  ultimately  relnm  to  the 
simple  binary  forms  (water,  carbonic  acid,  and  ammonia), 
which  serve  as  the  essential  food  of  vegetables.     Of  these 
organic  compounds,  one  portion  {a)  is  converted  into  the 
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substance  of  the  living  body,  by  a  constructive  force  which 
(in  so  far  as  it  is  not  supplied  by  the  direct  agency  of  external 
heat)  is  developed  by  the  retrograde  metamorphosis  of  another 
portion  (h)  of  the  food.  And  whilst  the  ultimate  descent  of 
the  first-named  portion  (a)  to  the  simple  condition  from  which 
it  was  originally  drawn,  becomes  one  source  of  the  peculiarly 
animal  powers — ^the  psychical  and  the  mo^or— exerted  by  the 
organism,  another  source  of  these  may  be  found  in  a  like 
metamorphosis  of  a  further  portion  (c)  of  the  food  which  has 
never  been  converted  into  living  tissue. 

Thus,  during  the  whole  life  of  the  animal,  the  organism 
is  restoring  to  the  world  around  both  the  materials  and  the 
forces  which  it  draws  from  it ;  and  after  its  death  this  resto- 
ration is  completed,  as  in  plants,  by  the  final  decomposition 
of  its  substance.  But  there  is  this  marked  contrast  between 
the  two  kingdoms  of  organic  nature  in  their  material  and 
dynamical  relations  to  the  inorganic  world — ^that  whilst  the 
vegetaJbfle  is  constantly  engaged  (so  to  speak)  in  raising  its 
component  materials  from  a  lower  plane  to  the  higher,  by 
means  of  the  power  which  it  draws  from  the  solar  rays,  the 
animal,  whilst  raising  one  portion  of  these  to  a  still  higher 
level  by  the  descent  of  another  portion  to  a  lower,  ultimately 
lets  down  the  whole  of  what  the  plant  had  raised ;  in  so 
•doing,  however,  giving  back  to  the  universe,  in  the  form  of 
heat  and  motion,  the  equivalent  of  the  light  and  heat  which 
the  plant  had  taken  from  it. 
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